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The effort as summarized in the report provides accurate theoretical analyses .
of the optical power transmission properties of a number of devices important

to RADC efforts under TPO #4/D - Solid State Devices, Subthrust #3 - Electro- \
Optical Components. The devices include couplers, tapers, horns, and
branches. The programs anu techniques provided by the contractor permit
in effect computer experiments to be done for a very large variety of design
parameters. To do the actual experiments in the laboratory with this range
of parameters would be enormously more expensive and time consuming.
The report is then a cru.cial element in simplifying and accelerating the

design process and in leading to final design specs in the shortest time.

Fornk Cynyem

LEONARD J. EYGES
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I. TINTRODUCTION

This final report summarizes the work performed under Contract F19628-80-
C-0053 which the Electronic Systems Division of the Air Force Systems Command
granted to the EMtec Engineering, Los Angeles, California. The work
was begun in January, 1980 and completed in August, 1980.

The principal thrusts of this R & D study in performing numerical analysis
of multimode fiber components were two fold. Firstly, we wish to learn the

1and secondly,

limitation (and possible improvement) of our numerical scheme
we wish to obtain numerical data for realistic multimode fiber structures.
Specifically, the following tasks were carried out:
a) Study the effect of step index gradient and of tight
beam confinement by an adaptive coordinate scheme.
b) Study the effect of the presence of absorber at the
edge of the mesh on the beam propagation character-

istics of multimode fiber structures.

c¢) Compute the coupling characteristics of tapered multimode
fiber couplers and unequal size fiber couplers .

d) oObtain data for reflection coefficients and beam waist
changes for multimode fiber tapers, horns and branches.

In section II we shall present the implementation of the adaptive
coordinates in our numerical solution of the scalar wave equation. Then,
the scheme to include an absorber at the edge of the mesh will be de-~
scribed. Finally, an approximate approach to obtain the reflection
coefficients for complex fiber structures will be shown. Detailed re-
sults of our study on the proposed tasks are given in Section III.

Concluding remarks and recommendations for future work are included in

Section 1IV.




II. ANALYTICAL APPROACH

At The basic approach taken to find the solution of wave propagation along

T ATt R

complex fiber structures is to solve the reduced scalar wave equation via the

At B

fast Fourier transform (FFT) technique% In this section we shall first indicate
the conditions underwhich the exact vector wave equation may be simplified to

yileld the reduced scalar wave equation. Then we shall introduce the concept

] of adaptive coordinate§3and incorporate this concept in the solution of the

reduced scalar wave equation via the fast Fourier transform technique.

Lot

A. Formulation of the Scalar Wave Approach. Starting with the vector

wave equation for the electric field vector E in the fiber structure,

N
(=]

vevx E-olp k- g%

where @ is the frequency of the wave, i the permeability and and ¢ = €(r), the
0 P y

inhomogeneous permittivity of the structure, and making use of the vector

T DA i TR O 8 T T Ut

identity
VXVx E =V(V-E) -VE 2
and the relation
VE = - VeE , (3)
one has
2 2 1
VE +@" p ¢E -V (EVeE) = 0 (%)

Rewriting Eq. (4) gives

2 2 4 1 1 :
VE + o pue{g E-| 5— V ($Ve.E) | =0 f
E oo{to_ ‘02#(0 ¢ Ve E i




The relative importance of the terms within the curly brackets can be

determined from the following

" §=0<{~ g) (6)
0 0

1 1 1 _/Ve _ (/‘0
2 V(?Vng) = *‘5”(7"@‘”(* §> )

where the symbol @ means the "order of magnitude,”" and { 1is the smaller of
the distance over which (/‘O and E change appreciably. For single-mode

fiber structures, the values of ‘/(0 and kOA are typically in the range

‘/60 =0(2) (8)
_2m 4 2 3 =
kol -5 L= € (10° or 107) , £=0600u to 100) (9
A= 60

It follows that the second term within the curly brackets in Eq. (5) is
several orders of magnitude smaller than the first term ‘/(0 E. 1t is there-

fore justifiable to neglect the second term and write Eq. (5) in the form

72£+k25—£=0

The physical significance of replacing Eq. (5) by Eq. (10) is this. By
discarding the term Vcl Ve E, we are neglecting any depolarization effects
that may occur. This means that the wave retains the polarization it has

at the source, which is evidenced by the fact that Eq. (10) can be reduced to

a scalar equation by writing E(x) in the form

R s T . v M ek i s B b o il
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where gp is a unit vector in the direction of the initial polarization of the

waveﬁ Subsituting Eq. (11) in Eq. (10), we find that u(x) satisiies the scalar

wave equation,

V2u+k2£—\l"0 (12)
o€,

This equation with the boundary condition on the initial surface, and the
radiation condition at infinity, completely specifies u(x), from which we can
then obtain the electromagnetic field vectors E and H.

iknoz
If we write u as the product of a factor e that accounts for the

rapid change in the phase of u along the direction of propagation and a complex

amplitude A(x,z), a further simplification of the problem results

L) 2 2, 2 2 2
2 — - = -
( ikn s— +vo + k' (n"(x,2) no)] A(x,2) aazzl-\(x,z) (13)
2 32 32
whereV T is the transverse Laplacian — + T and n, is a given constant
9x 3y

which represents the refractive index of somec uniform medium. At laser wave-
lengths the complex amplitude A(x) varies much more rapidly transverse to the
direction of propagation than it does along the direction of propagation. This
enables us to make the paraxial approximation wherein the term on the right side
of Eq. (13) is neglected ( in the Russian literature this is called the parabolic
approximation). So, the complex amplitude now satisfies

§__2+
ox

2
3——2- + kz(nz(_sg.z) - nz] A(x,z) = O (14)
3y ) °

e B
[12kn° 3z +

e,




For given initial data, i.e., values of the field at points on the initial
surface, the propagation simulator must generate the corresponding field values
at the terminal aperture such that Eq. (14) is satisfied. To do this we divide
the medium into slabs defined by planes on which z is constant. 1In going from

one slab to the next, we write A(i,z) in the form

I'(x,z)

A(x,z) = e w(x,z) (15)

where T (x,z) is a phase function associated with the medium inhomogeneities

z
I'(x,z) = % [ [nz(i,y,z') - nz]dz'. (16)
z

o

The modified complex amplitude w(x,z) then satisfies the equation

3 ~r 2 T
[iano 3% + e VT e ] w(x,z) =0 17)

with the initial condition

w(x,y,O) = U(X.y,o) (18)

Physically, these equations approximate the propagation in the inhomogeneous
medium by a two-step process at each z increment. First, we propagate the

field u(x ) at z - Az/2 to z +Az/2, assuming that the intervening space is
homogeneous. The effect of the inhomogeneitics between z - 42/2 and z + 42/2

is then accounted for by multiplying this solution by the phase factor exp(r).

B. Adaptive Coordinates

To reduce the size of the mesh required to solve Eq. (17) numerically,




|
i
!
|
|

let us introduce an adaptive coordinate system defined by the transformat ion

_ X/
L1 7 W) (19)
_ ¥/,
%2 T N(z2) (20)
1/2
2 2
N(z) = a 1/2 (l ;) + a2 _z_
K p2 (21)
(o]
(1+g) 2
-1 £
£ = tan —i—5— = 1
o172 (22)
gl/2 _ kfz "
o]
[0}

where OO is a characteristic dimension of the beam at the initial surface
(e.g., the e-fording radius of a gaussian beam), f is the distance to the fo:us,

and a is a constant determined by the requirement that the solution be confined

within the boundaries of the mesh at the focal plane. The choice a =1 yields a

coordinate system that converges at a rate determined by the free-space dif-
fraction of a gaussian beam having an e-folding radius 00.
When written in terms of the converging coordinate variables defined above,

Eqs. (15) and (17) for the complex amplitude are replaced by the relations

. -~
w(x,yY,2) = wl(g,t) exp(rl) V(Qrﬁ) (24)
G(QIE) = (al/Z N(z))-l exp [% (;i + gg) tang] (25)
. z+0z/2 .
= ik [ 2 i 2 2
T = = dz (n (er:Z‘)"l) Y (C + g ) Ag
2 /2_“/2 2 \"1 2 (26)
. 2 2
g% - % exp (-T) iLf + JLi exp(T)| v =0 (27)
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whereAf is the increment in £ in going from z-8z/2 to z+A z/2. The initial

condit'on for v is

v(r,E) = wix,y,z) /8 (£,€) (28)

To solve Eq. (27) we utilize the fact that for sufficiently small values
of Af (i.e.,A z) the effect of the exponential factors exp (*T ) 1in this equation
is small, Hence, we solve the simpler equation obtained when these factors are

equated to unity

2 2
) 1 3 3
2 2\ 2t Z)|v=0 (29)
acl a;z

We use a fast Fourier transform technique to solve Fq.(29). The basis
of this approach is the fact that the solution of Eq. (29) can be expressed in

the form of a discrete Fourler series

N-1 N-1
v(g.£) = z z an(s.t) expli(pmcl+qnc2)]
m=0 n=0 (30)

where the Fourier coefficients an are determined from the initial data and
Eq. (29) as follows. The initial values of an are obtained by taking the discrete

Fourier transform of the initial values of v( 7, Ci) over a mesh of points

gy = [e—-(x/2)) Az, Ly = [3-(n/2)) ar (2,3 = 0,1,...,N-1)
mén N-1 N-1
= (-1) _N . _N
Vmn (63 = T2 Z z "((" 2) Az, (J 2) Ac.si)
-0 j—u
expl- 3—;—“— (mg + nj)l (31)




The dependence of P;n is then determined by subsituting Eq. (30) in Eq. (31),

which yields

oV :
mn i 2 2 _
Y ty (pm + qn) an =0 (32)

| ! from which it follows that

(33)

(.2, 2
% 1(-9 +q ) Ag
| Von®) = Vg€  expl- AT D

Finally, it can be shown that in order for the discrete Fourier series representation
i

of v given in Eq. (30) to be real when v is real, the coefficients P, and q, must

have the form

L N E)

Pn = NAC 2 (34)
- 2m _N A

9 T NAT (“ 2) (35)

Hence, for discrete points ¢; = (2- N/2)b¢, L, = (J - N/2)AZ (2, 5 = 0,1,...,N-1)
_ N ; - N
v((z 2)A;, (3 2) Az, E)

) N-1 N-
ot S AL D W NS UL (I
m=0 n=0

-




T

~ 2 2 .
wheref = 27 AE/(AE) . Note that v is simply (-1)"“+J times the discrete Fourier

m+n
transform of (-1) anc)-

The effect of the medium and the facto: exp((—i/ZQ;i + ;;)AC ] introduced by the
coordinate transformation 1s taken into account at each { step in the calculation
by multiplying the value of v obtained in the previous step by the quantity exp(T)
defined in Eq. (26), i.e., the initial value inserted in Eq. (31) is exp(?§ t imes
the value of v determined from the previous steps.

Using this adaptive coordinate algorithm we have been s;ccessful in our
treatment of various realistic multimode fiber structures. Results are summarized
in Section III.

C. Implementation of Lossy Outer Boundafy.

It is believed that the field touching the outer boundary of the cladding region
of a fiber structure will be attenuated due to radiation or absorption. To
accomodate this situation in order to further improve our computer simulation, we
have incorporated the presence of a lossy dielectric layer outside the cladding

region in our computer program. An example of the index profile of a fiber is shown

in Fig. 1:

. 41.Al
| a Za Al
L]

Pl
61%h

2
0<r< a n=n (-85, a = 25um
a 2
a
= —6 = m
a< rc T, n "a(l ), T, 62,51
ro < r n= nr + 1“1

Figure 1: A Typical Index Profile with Lossy Outer Layer




~ Typical intensity patterns of beams propagating in a fiber with the index |
profile given by Fig. 1 are shown in Fig. 2. It was found that the propagation
characteristics of the guided beams are not significantly affected by the {
presence of a lossy outer layer, except when the spot size of the beam 1s larger ’

than the core diameter, as expected.

D. A Heuristic Approach in Obtaining the Reflection Coefficient.

One of the a'prior assumption in the development of the FFT scalar wave
approach 1is that only paraxial rays are allowed and no reflection is permitted.
This assumption enables us to develop an algorithm, there by, we may obtain the
propagating field by a forward stepping process as described earlier. As the field
evolves from one z plane to the next z + Az plane, the averaged value of the

refractive index as seen by the field may be different as illustrated in Fig. 3:

A Va3 A .\ ~ A “
Al ('Lul ,.\"»-.l. !

Av,ua?ac‘\ n ai ‘ . B )
AL "Lu j"nL L\ '\a(.:».\ «t 3+A‘.\

~—
-

_l.-.l(.-,.. a1 {) :\’,P‘._ = -v\'l

J i

—
v

\
= 0N : N
/ \ Avonn T‘ ci\
I s +2a4 Ara ity A :
3‘ } b 7 } ’\'LA-»- ,.-t 8 3“‘ 2N ‘

- ‘\\5

- a

Figure 3: Illustration of the averaged n as seen by the beam. i

In affect one may postulate that the wave 1s experiencing reflection in a medium

with longitudinally slowly varying refractive index as shown below:

reflected

wave transmitted
- n(z) wave }
ﬁ_—-‘ W’
incident —~— z
wave

n(z) 1is given by Fig. 3.




-n())

Figure 4: Equivalent Index Profile

The reflection coefficient for a plane wave propagating in this longitudinally non-
uniform medium may be obtained according to a formula derived for the case of plane

6
wave propagation in stratified layered medium:

R (z) = - exp [-is(2)] / v(z) exp [ic(z)] dz
z

z
s (z) = 2 j 8(z)dz B(2) = kyn(2)

y (z) = ;% / 28

This is the heuristic approach that we shall use to calculate the reflection

- coefficient for waves in our multimode fiber structures.

o«
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III.

Results
The algorithms detailed above have been implemented in our computer programs.

Results for the proposed tasks are given in the following:

(a) Effects of Step Index Gradient on the Propagation Characteristics, »

The purpose of this study is to learn the effects of step index gradient

on the propatation characteristics of waves in a multimode fiber guide. Let

us introduce the following index profile: ;

(o<r<a)

n(r) =n_-§ (i)zm .

) 0
n(r) =nj -6 (a<r)

where Ny and § are given constants and a is the core radius of the

iiber. For a typical parabolic index profile fiber, one has

n, = 1.48, § = 0.02, a=25m, m=1,

-~ The constant § must necessarily be small so that the depolarization effect
may be ignored and the scalar wave approachmay be justified. By varying
m, the steepness of the indéx gradient may be varied as shown in Fig. 5.
It should be kept in mind that even when the FFT technique is capable

of handling steep index variations, the slope of the index profile must

At

still be gentle enough so that the gradient term in the exact wave
equation (Eq. (5)) may be ignored. We have carried out propagation cal-
culation for the following specific cases: n, = 1.48, &§ = 0.02,

a=2mm=1,4,6,10. Higher m values means steeper index gradient.

As shown in Figs. 6, no computational difficulties were encountered for

even the steepest case (m = 10) in which the index changes from n = 1.48

ton = 1.46 in 3pm distance for 50 um core diameter fiber. However, one [}

should be aware that we are pushing the limit of validity for the scalar

~ wave approach.
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From the results, it is of interest to note that as m increases from 1, i.e,

as the index profile deviates from the parabolic profile, the beam profiles no

longer remain to be of gaussian shapes, but take on ring-type structures. This

implies that the phasce front of the multimode beam is no longer a monotonic
function of the radial distance but has become an oscillatory one.

We may conclude from these calculations that our program is capable
of handling problems with steep index gradient. The index transition
may occur in a distance as small as 4) where A is the free-gpace wavelength.
The limiting factor apparently is the justification for the elimination of
the depolarization term in Eq. (5).
(b) Beam Propagation in a Ring Fiber

A typical single-mode fiber has a core diameter of the order of 10ym.

Consequently it 1is more difficult to handle than a multi-mode fiber. An
idea to enlarge the single-mode fiber has recently been put forth by Dr.
L. Eyges of RADC. He suggested that perhaps a ring-type structure may
support a single mode and yet possesses larger dimension than the usual
solid-core fiber, This task was undertaken to investigate this possibility.

Let us postulate that the index profile of a ring fiber takes the following

form n -6 (515)2m for a-A<r<a+h

0 A

n

n=n_ -~2§ for a-A>r, r>a+l

where Ngs 8, a, A, and m are given constants. By increasing the m value.
one may adjust the steepness of the index gradient as shown in Fig. 7.
Two types of initial beam shapes will be studied: (1) a solid centered
gaussian beam and (2) a hollow-centered dpnut beam. We wish to learn how

well the ring fiber will confine these two types of beams. The field

expression for a solid gaussian beam takes the form




gt pact

while the hollow-centered donut beam takes the form

N (R
where a and a are given constants. Results of our computation are shown
in Figs. 8 and 9. By following the evolution of the beam intensities, one
may determine how well the ring fiber is guiding the beam. It can be seen
from these figures that the solid beams appear to be better confined than
the hollow beams, although the spreading of the solid beam energy is quite
noticeable. It also appears that simple insertion of beam energy in the
high index region of the ring fiber does not insure good guidance of the
beam energy. One may conclude from this preliminary study that neither
solid Gaussian beams nor hollow-centered Gaussian beams correspond to
the mode energy distribution of a single-mode in a ring fiber. One should
first perform the classical modal analysis to obtain the mode pattern of
the single mode and then use this mode pattern as the initial beam pattern
for propagation down the ring fiber. It is believed that the use of ring-
index fiber as large core single-mode fiber definitely possesses merit and
should be studied further. What we have demonstrated with our present
study is that our program is capable of handling this type of fibers.
(c) Fiber Couplers

One of the simplest type of light couplers is the fiber coupler.
By placing two or more fibers in close proximity of each other light
energy may transform from one to the other through the coupling effect.
This coupling process is rather involved. The well-known coupled mode

theory may be adequate for simple, single-mode structures such as slabs

15
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with reasonable separations. But,when multi-mode complex structures such j

as the fiber couplers are involved, the coupled mode thecry becomes grossly
inadequate?* On the other hand, our FFT-scalar wave approach is uniquely

qualified to deal with this fiber coupler problem. This is because this

technique provides the evolution of beam field as it propagates down a ;
complex multimode inhomogeneous fiber structure. Four types of fiber

couplers have been studied:

Case 1 Coupling between two equal parabolic index fibers.

Two graded-index fibers are fused together longitudinally with

separation d between their centers. The index profile for each

fiber is given by

r

2
1,2

= - —
“(r1,2> g ‘S(a >

where n §, and a are given constants, and 1 or 2 refers,

o’
respectively, to #1 or #2 fiber. Typical values for a Corning

or ITT graded index fibers are used:

no = 1.48
§ = 0.02
a = 25im ’

*Recent advances by L. Eyges and P. (Gianino of RADC using the extended
boundary condition technique have shown that single mode couplers involving
arbitrarily shaped uniform core guides can be successfully and accurately
treated.
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Various scparation d were used. A giussian beam represented by

u(x,y) = uy  exp [ [— (x + %\2 - yz]/w2l

where u(x,y) is the scalar wave function of the beam, and Uy
w are given constants, is incident on one of the fibers. Results

have been obtained for

2.5um 5ym, 10um

€
]

(=%
(]

8um, 12ym, 16um, 20;m.

The evolution of the beam along this structure is shown in
Figs. 10-11 Displayed in Figs. 12 is the %-power in one fiber
as a function of longitudinal distance for various separations
and initial beam sizes. For the situations considered above,
many modes are excited. The coupling process is very involved
as displayed in Fig. 10-11 It still appears that back and
forth power exchange among the guides prevails. The
complexity of the power exchange phenomenon for the multimode
coupler re-emphasizes the importance of obtaining design data

through analysis before the actual construction of fiber coupler.

Case 2 Coupling between two equal step-index fibers.

This coupler is identical to the previous one except step~index
fibers were used. We shall approximate the index profile of a

step index fiber by the following expression:

17
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with m = 4. Again typical values for a Corning or ITT graded

index fiber are used; i.e., no = 1.48, § = 0.02, a = 25um.

Results have been obtained for

)
[

2.5um, 5um

="
]

8um, 12um, 16um

where d is the separation distance and w is the beam waist radius.

Specific results are given in Figures 13. Displayed in

Figs. 14 is the % power in one fiber as a function of longitudinal

distance for various separations.

Case 3 Coupling between two unequal fibers.

It is of interest to learn, when two unequal size fibers are placed side by side,

whether transfer of power would occur for the multimode case. The following

= _ 1,2 2m
n(rl’z) n0 GC >2
1,2

n, = 1.48 m=1,4

8 = 0.02

fibers were used:

a1 = 25um

a, = 12.5um

Separation distance, d = 8m, 12im

Initial Beam Radius, w = 5um, 10um
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For the above chosen paramcters, one may observe from Figs. 15-16
that only nomina' coupling occurs between two unequal size fibers.
In other words these structures are not efficient couplers.
Case 4 Coupling between more than two fibers.

As illustrations, we have considered two types of structures: Three equal

size fibers Yocated equal-distance from cach other and three unequal size fibers
arranged in a triangle shape. One fiber is initially illuminated, we wish to
learn the power exchange characteristics in these two couplers. The following

parameters were used:

n, = 1.48

§ = 0.02

a1 = 25pm

a, = 25pm, 20um

0
L}

3 25um, 15um

Separation distances, d1 =d, =d, = 12um

Initial beam radius, w = Sum

It can be seen from Fig.l7 that when one of the fiber of 3

identical fibers, separated an equal distance from each other,

is 1lluminated with a gaussian beam, power exchange takes place

between two unilluminated fibers with the one illuminated

fiber in a synchronous manner. In other words, each of the

originally unilluminated fibers is receiving identical amount : '
of power transfer from the illuminated one, as expected. On

the other hand, the power exchange phenomenon for 3 non-identical

fibers coupler is much more complicated as seen from Fig.lR

22




larger power transfer tends to take place among fibers with sim lar 7n .o

Fiber coupler is one of the crucial components in any fiber optics
system. As such, one must understand the detailed wave interaction
phenomenon in this type of coupler so that correct design can be made.

We have demonstrated the capability of our technique in dealing with this
type of fiber structures. Systematic studies of different variaties of
fiber couplers may now be undertaken.
(d) Reflection Coefficient Calculations.

We have implemented the heuristic approach discussed earlier in
the computer program to yield reflection coefficients for waves propagating
in the various multimode fiber structures. Although it is difficult to
justify the accuracy of the absolute values for the reflection coefficients
obtained according to this algorithm, nevertheless, we feel that their
relative values for different structures can be believed. This is because
our heuristic approach took into consideration the fundamental characteristic
of wave reflection: 1i.e., reflection occurs when discontinuity of the
propagation medium or structure is experienced by the wave. The larger is
the discontinuity, the larger will be the reflected energy.

Results for sample calculations for the reflection coefficients for

various fiber structures are shown in Figs.19-20




IV. Conclusions and Recommendations
Support of this program has enabled the contractor to develop and
perfect a computer program based on the scalar wave - FFT algorit.n to
study the propagation characteristics of guided waves in several important, .

practical fiber structures such as fibers with general index profiles

(step index, parabolic index, ring index, etc), multi-channel fiber couplers,
and fiber horns or tapers. These fiber structures may be made with commercially
available fibers whose index variation may be as large as 1 - 2Z.

We have implemented the adaptive coordinates and lossy outer mesh
boundary schemes in our computer program. However, for most practical
situations of interest in which the fiber core radius is about 25um, the
cladding index 1is about 1 - 27 less than the core index, the spot size of
the beam is less than 20um andthe free-space wavelength of the beam is
larger than 0.6um, it is not necessary to implement the adaptive coordinates
and lossy outer mesh boundary schemes. We also discovered that steep index
gradient is not a hindrance for the program tc produce accurate results as
long as the scalar wave appraoch is still justifiable.

It is not unreasonable to ask the following question:
"Now that we have completed a beautiful program capable of
producing propagation results for a variety of practical
fiber structures, what can we do with 1t?"
The answer is '"May be a lot!" Listed below are only a few of the problems
that we can solve with this program:
(1) Any single~-mode or multimode weakly guiding fiber with arbitrary
refractive index profile.
Our program provides the means to obtain the propagation characteristics
of guided waves supported by this structure. The core of the struc-

ture may be circular, elliptical, rectangular, triangular or dumb-bell

24
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(1

shape with general index profile?

(2) Any fiber couplers composed of parallel strands of two or more
of the above fibers. This is the only program which can provide
the detailed coupling characteristics of this type of structure.
Prior knowledge of coupling characteristics of a coupler is the
key to successfully design and construct fiber couplers.

(3) Any transition elements derived from the above fibers.
Transition elements such as tapers, horns, or mode converters or

branches can all be analyzed by our program.

Recommended Future Research

In addition to the important practical problems mentioned above that
can be solved by our approach, it is worthwhile to look into the future and
- seek out problems of potential importance and interest. For example:
(1) Nonlinear Fiber.
Very high intensity is achievable in fibers. One may wish to learn
the propagation characteristics of waves in a fiber in which the
induced nonlinearity of the medium plays a significant role. This
problem may be solved by the scalar wave - FFT approach.
(2) Mode Conversion in a Fiber Due to its statistically Varying Medium.
This problem may also be approached from the scalar wave - FFT
point of view. t 1s known that the presence of frozen-in
statistically varying medium contributes to the mode conversion
phenomenon in a fiber? A systematic study of this problem will
reveal the severity of this effect in changing the dispersion
characteristics of beam in this fiber.
(3) Llarge-size Single-Mode Fiber
The advantages of having large-size single-mode fiber are well-

known. Ring-index fiber as proposed by L Eyges of RADC appears

25
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to be a promising one. Other type of fiber whose index variation
i may be radially unsymmetrical, such as, a layered fiber as shown
in Fig. 21l may also be promising. Research should be encouraged
on this type of fibers.

(4) Polarization Preserving Fibers

One of the main features of a weakly guiding fiber which can be
analyzed by the scalar wave approach is that the guiding structure
is polarization insensitive. However, for several important
application areas, the polarization preserving characteristic

of fiber is essential. Stress induced birefringent fiber or

deformed core fiber may satisfy the needed requirement. However,

to achieve the targeted isolation for the two orthogonal dominant
modes, the required stress is excessively high for stress induced
birefringent fiber and the loss is excessive for deformed-core
fiber. We propose the use of layered dielectrics as shown in

Fig. 21 to produce an equivalent birefringent effect to enable

proper isolation for the two orthogonal dominant modes]:0 Initial :

P,

indication is very promising. It would therefore be very worthwhile

to pursue this research.
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SAMPLE PROGRAM LISTINGS FOR THE CASE OF BEAM

PROPAGATION IN A STEP INDEX FIBER

CORE SIZE (DIAMETER) = 50um

CORE INDEX = 1.48

CLADDING INDEX = 1.46

INITIAL GAUSSIAN BEAM SPOT SIZE (DIAMETER) = 4Oum
WAVELENGTH = 0.8um

(STEP INDEX CASE, m = 6)




0141440

814340 HSIN*ITIL T C IS T XYR I WD ® ISP LTI IS I VAD  AZHDC* AT ST *AN0OL ¢
a1 1100 *CAIZON*SYIISA*XC*AVBINC e NI ONOY*YAUWY I/ L TINV AG/ LSTIINVYN 1100 NS)
€1 4440 o]
81 3140 ZO/ANDI*/1/SDAINDT VivO 0100 NS1
g1 44d0 b}
aul 3140 HeTIWO o ASY I3 TIL NI VAL D XVNL Ve * RSAL I ASI VA A3ED e T¥VDID01 6000 NS}
9141d0 2N*OSON‘ON®YOENY VY3l 9000 NS}
g1 34d0 >
1d1INdd 537447d°CN480° ¢
1 lohdd AIUOT*LN0ON *ASY I XYNITE LS P IV 1S IVRD * AJHWID/ TIINYA/ NOCWNO D 4000 NS1
wYEVY SIAHSW® JN* JNOSNOSRPISYC *ONTIAVAL [ ZOSHSIK *OSHSINCINIZON ¢
hYUYY *SATLENSXQA OVHLIND *cHUDO*ON YA NN YORNYI*HS IN® DNTZC/NYUVe/ NOWNWUD 9000 NS1
SAvVEZY (892ZEIA/SAVNEY/ NOWNDD S00C NS 1§
CLED (EIVIIAIV (EIVH=(E IVAYAII* LEIOACLEDIOX NOISNIWIO Y000 NS)
- .. _813id0 o (2EVCP (A PIANT S (CINN®LOSZ )N2OM NOISNIN) O €000 NS1I
Znd AYYOVH *AFVCNVSDEOA*DSL2 *SOPNS *XONAIN*2 I13A3ZD >
ZndD (0QE9T A HVOVYE (¥BEQT Y ARV Y ® ¢
Z2nd (621)CSTA*{BZIICSLIZ LG IISIOCIFRIING (¥BED V) XANITH/ZNI N/ NCWNO I 5 2000 NS)
. _ 9134140 L - .
a1 5140 (P21 20 *¢9 *2€) 3Z1S 019D HS3IW Pl
01 3190 d31S AR3AT Iy JOd IACEY 00 3N¥L =21 3"J411d d
814140 1 SADWY NO1LVOVACHd 40 ON2 gV CvdRl O304 107d 3N¥L 41 A41Vd > !
. _.. _fAiiid0 o ___3DONVISIC SA ARISNIINT dv3id 207d 5NHL ) X¥Wic d> — I
d1 4100 3ONVLISIO €A CINIWOW ONZ L10%d 3NBL 41  fSARd 3 f
813100 d31S HOVI Ay CUNINCKW CNZ 34LHA 3nL 41 1SIvae 2> < i
9} 41¢0 G3LS HOVI 4V 371=Ned IONVICVYHEND INIMH 3N¥L 41 AFHS 2 H
R .. .9131d0 10 c1FC DCATYD w04 YIBWNN 3DI1A30 A3UD 1) 2
a5 3140 INGIND BOJ MIUWNN 3IJASC 1001 bl
814140 INIZ7ONI/NINZ = dILS=-Z JO HIDNIT  INIZOUN 2
a134100 Sd31S-2 JO HIAWNN SHIASN pJ
i} P _._86133d0 o ) . (SNONJIWN)} ONI3VdS HSZh X0 >
a1 4140 (SNOBDIW) SNIOVE ¥WIINO  CVHINO d
8J) 4100 Cr/h -0 td=¥ 1Y JOMC AIN3DY¥3Ie d¥ad d bl
814140 XIANT IATAIVHIIY ON J
. _ _ ®aliig0 i (SADYDIN) SNICVY ¥381 3 F) b
Gl 44d0 ISNCEDINY EDAVIOVHYE NI ANIOd 371 oy 2
a1 41 90 (SNOUDIW) HIO9N3Y IAVA  VOAWY bl
H1 4140 4 1NVIQS-LVYWHO4 ASTIIINYN) 2 ObvD D
e . _B141d0 _ Co - R Ccvy3Iy 6 04 SISV 40 H3IAGWNAN S3ISVIN 2>
a14100 ’ (AvwWr0d4 SI) 1 Quvd D
H144d0 SU313WVEVd 1NdN] 2
41 3id0 k)
. . _ _ 8141d0 (03V)4=22dV) ¢ b}
T 9134100 Y1NdiN0=93dVLi ININLI=GTcVI° LI =" INJAND *ANIN]I )81 I RdC RVYHDOUD w
SEISAIUD *HUVYH D
e SZZIS*NVIC*UILNNCE) JAGCIN=Ar R s O34DIHHCIISNIVINGD WYHOONS SIHL w

vId WOI WE3LON JSNYON DTIv =ZUXON IWES0OD LAWWHDIAON ¢VPfF 1DEFAO MIIJAON AS1TON J10I63 3DMN0S
(3NON ) TVEG0ANY (XYW)IIZTI€ (GG LANOIINTITY (2032IN12d0 (NIVYR)IINYN 3533443 N] SNOJL el

SSNOIAdO Q31SINTI
40°4S°1. &1°0R 3ivQ CION3AXI H hvplirn 09f /S0 ' (9L INNF) © €T MWWAIN




RUROPI N

0131d0 *0=42438 (*0"411°DVvJ)3) 1900 NS

ulsidl *35vd =Sy 0900 NS
M1l 4idu 1SXO=NWIS X 6500 NS
g1 4La0 2¢sCh=DSON 9500 NS
W1l 341d0 (TesNFeDNARNIAVAS )G )/NINZ #°2=VYHd Y 4500 NS)
tl 3L a0 *2/72¢20He2N=4D43Y 9600 NS}
al 1400 ONCNUSCN=2N SS00 NS
Jl4id0 OSHS IW/ * 1=WHON M 9S00 NS I
R ENY. V] 2o {OH/UVNICD)I=WENGY Y €600 NS}
61 A4d0 *2/HS IN=0AX 2500 NS}
A1 410 T1detHS3W/® 1= 1)=)1SNDL I 1S00 NS 1
Y1 41d0 2e( (0US] IZASHS ORI/ 1cd Vo (ITNSKNNIAVAR ) /ISXAsNINZe*2)=zAiHYLIE 0S00 NS
9§ 4140 VABENVY I/ Jce *Z2=WAN3AVYA 6900 NS]
Q1 4L d0 Oo¥/x0=132¢ 8900 NS
1} 4440 *2/1S%X0=HISXQ 4900 NS}
. J14400 . NINZ/ONIZO0=1SXQ 9v00 NS1J
g1 41d0 INJZON/NINZ=INIZQ Sv00 NS
dldice, ((ONSNY)IRBOS®*2 1/ )1d=NINZ Y900 NS)
"} 4) a0 2488 3/dH0Dd#20 *=0ONZN Y €v00 NS
g1 3id0 _ o i OSHS3INGZ=20SHS 2v00 NS)
a1 4140 2eSHS Zh=0SHS 3N 1900 NS)
4141d0 HS3We2=2HS3IN Ov00 NS}
a1 41d0 )
o . #H131idO o o i ) SAINVISNGI Z1VINdv) > _
91 344 d0 2
G141d0 (17InV40° 1701 ) 311 A 6E£00 NS)
dh3dl [ARAZF I P 8C€00 NSJ
~ oW 3L (1)vdH0Id=dy0dd L4EO0D NS
21 4140 (CN 0L TYyND3 ANVASNOD Vv ST ¥YICN) JAIAOVREIIY IHL HLY'/)LYRNBO4 0502 9E 0O NSI
d141¢0 t0€C2°1NOT YL IYR (*0°L4T1°SVYIdD I v€£00 NS1
. 41 4440 (ON) SAY=0N £E00 NS)
N1 4190 o (ON)SAV/CN=SVY14 2€00 NS§
T9tdac0 ’ ’ . ) O0=iNDS 1€00 NS1J
0 =(E)wm 0€00 NS}
4 =(Z NN 6200 NS}
4L =1 )wm €200 NS
al 4140 2
|1 44d0 (LNV3IC*°S Iavay 1
(S214°X1°S 21 4°X1DLVNNO S €1 4200 NS
o (AR A ARR RAFISIRA NI FISIRARE FARARNL L T PINA 9200 NS
(1o X1 1°9 XL )AVYNYHO S 1) S2Z00 NS1I
874100 (21°X2)1VYHHO4 0001 9200 NS
dm3l (RFINCT=X*UXNIVYYSII(T1°T)3L0unm €200 NS)
dniL fOT1=N® I=X* (NIVIHCSAI(E1°9) NN Tdm 2200 NSJ
ELETY (1IN I=0* (M) vS) (11°S)AVIY 1200 NS
dn3L (EDANL=NS(NDIVIECDSI(ET*S)ICVIY 0200 NS1)
ELESS (14N I=1°(T)0A (300X ) (21°0) 22 0um 6100 NS
dn3n o . _ (ETI=NCT=1°CI)0ACL)OX)(21°S)AYVIY 9100 NSIJ
814N (O001°9)321HM 2100 NS}
dn =38 g1=N (0001°S)OVIY 9100 NS}
GA'Ox IS )3l $100 NS)
LT T O . BACEX(11°G)OVIY Y100 NS}
SISYIN (0001°9)3Ltum €100 NS
a1 41d0 SISYON (0001°S)OVIN 2100 NS

v0°25°12 61°08 31vO _Q3ONILIXI H NVMIROD: 05f/S0 ' Nivw (€2 3INNED ¢ ~°Z TNIAIT




814140
At 41d0
H1 4100
Aldid0
1) 4100
©)dld0
0l 34400
8} 31c0
a1l 3140
al dial
413400

dh31

. 814100
91 4100
J1 4440
gf 4100

- e Bl 3@V

4} 31dU

914400

914140

d1 34d0U

) 4140

g1 $1d0

/661 %048

v0* LS

e ——— L 1o

an3i |

HSZN= W <010
2SN %010
1=Sw €010
3NN ANDD (2] 2010
oy C: Q9 1080
= AN o010
Sh=SN 6600
V1=-2/NS ENISN=I3N €600
14 0 /HS IN=SwW 2600
01 OL D9 (8ZV°INHSINISI $600
ENANIINDD oO2) *600

Athazluz (e°1rC1)3LIWM (8S°0D3°)°D*25°03° 1)) P
EONIINOZ 013} £600
CAIUDI XONGW L) IXYNYE (W)Y INIIY 2600
(UM VABODIs10°0-"1 Ve NIN=J43Y)D 1600
L (QLONSSCYH ) (F¥IV IDITY~ON ) X ONc'AL P IX VWYX CNDW L 0600
2241Z=0vd 6800
Z2se (1320 ((X)OX-"1-3))=¢2Z 9800
Cee (13200 L INIOA-"1~1))=12 4800
—_ - - . N 013N 1=3 011 OC 9900
*0=XCNdN L $800
VTow=h Y800
HS3IW®1=3 02t DO £800
. o R, e HSIW*I=r 021 OC 900
O=w 1800

2

AVHUY XIFCNT 3AJADVEIZE dN 13S W
3NN AINOD 00! 0800
298 (S®eCAX-RY )={NHIDSDJ €400
2e0{ 137Qe (OAXMNY) I=(N)DS12 €400
. e . . (DUYINIS=ININS 4400
“(ouv)IS0I=INIS)D 9400
NYS LSND 1 4=Du YV $200
| g 5 1) 4200
. o oo _ HSIW*1=X 001 0Q €200
INNIANOD 009 2400
S2/XNSS LN IVR /700 I INIVAVOIESZ0°e0ON={>)IVIIIIY 1200
L AT40 ] 0400
o e R L o QAX4{M)OAZINIOA 6900
CAXS(N)IOXN=(NIOX 8900
G14N°® 1= 008 UC 4900
9=d W 9900

3

SAVHEY AMYSSIIIN ILAVINIIVO W

(/7°5°0014° = wHa™V HO 4
R 0/%(2- I aSNOYBIIWHE VX 0°C°01F* = ONSNY HO6*/°SAOMD WKL ¢

‘X 108014 = DN1ZQ HO*/*SAO»T -vvs.x_gcoa-k. = NINZ HB°/) SYWY0 4 0002 5900
VYHeTY*CAZNE*INYZO*NIWZ (0002°1N0T) 31 ]HA 5 *900

e SHILIWYEY e GTAVINIDIVI INVINOASNT 3IHL ILIHA w
30:-4"a"* !D.QJ&»J&.RO.K(!»in.vﬂ.umlni&-tOohw-<ll-oo>u¢unnanJ<U €900
A1vd CO3ONIAAI H NVYRIFT 06£/S0 NIVYW (@2 3INNr) 0°€°2

NS 3

NS
N3A3IAN




LT v i e g oy e

- g e e —— e e ——— rpo

91 41d0
il 31a0
Ul 41cQ
CRIEPY-18)
41 4440
0141d0
|1 4140
N1 41d0O
6144d0
11 4140
1 91900
H1l 4400
014id0
1 4140
d1 4400
€1 4100 __
CTETY:1s)
A1 4140
01 4440
Ul 4100
Hl 102
a1 41d0
Ul 451 d0
A141d0 _
Al 4100

414100
a1 410

CLED
_ 814400
Wl 44d0
Ul 410
8131d0

diw 33
ai 41d0
01 410°%
#J1 4100
ul 4100

8] 4100
431 4100
914140

dh 34

LLENY
11 44 a0
1440
Gl 4390

g1d41d0
4134140

20%°2S°%°1</7 5108 34va

(1adX)IA=1A

IRIA=HA
(FrNS8IS24INSerS))-=1y
INSSeFNS-1%JerSd=n4y
(1)82=18)
§IINS=INS

teXd=1d¥

SHN= N

HS3We1=1 091 0OQ
(C)SI=rsdD
(FINS=INS

HS3W® I=r 09! DO
T=-=%

WHOISNVYE L 804 A NOTLIONDD

Sd31SN*1=2ND] 00S 0O
NOLRAYOVYECHd 0O

(INDI)UIANNG T1IVD (e 1IVI )4

NN ANDD

(OUY INISedNV=(1dW)A
(DUY)ISODedNVY=(NW) A
(XIXONISYeHS=9YHY

(SSO™D=-°¢/0VE-)dXT=ghV¥ (WUNAVH LT *CYREB) I

(°2/0v¥-)duZ=dhy

27+ V2=QvH

228+ 178=0vy4

2es( 13209 1-0AX-1))2228

Cee (13208 (1-BX-0AX~1})=22

Ten=ldk

ZAN=N

TeN=Xx

HS3IW*i=1 0%t 0C
2ee(A32001-0AX~F))=128

2¢e( 13209¢ 1-QA-0AX~-T})=12

HSIW* 1= 0%l OO

(NNS°Z)/HISXOSNINZARNIAVYA=H)D

o=X
le—=k
°0=5S073D

G319 WILINT dn 43S

(9 XONIIUHY o

$eQ0e O LAANSSN 1IN SHOES TR RS AN XONSIIU*O TS AIBT T IDSAZYD VWD)

G30N3IX3 H NwdieCs

3NNTINDD

PSON=-Z ¢ { X IXCNIIU= (NI XCNIIY

NGt /S0

OSHS M I=% 0E1 UC

UV WYl

oel

VWOuY

ot

(9 °XON 43uH 9
€C0'CO 1IN SN T MNOSHOFSIN ELSIRSXANIIN 01 A3 DT )ISAIYN VD

3NN 1INO D
HSIW=4N

Nivw

oy

{84 AINNF) ©

>
L
-
Q

ore 0O=

~rEOO=NMmen O
mnMeeeeeee

NMPNOMNDOCOwAMeVONTOwine

mmmmemamemaNANNNNNNANMNMMAm
- ot P Y 0 ey ot T S e oo = - an

000 Oww

- -
N 000 o0

- et e ot oo - -

-2-1-2-X-X-3-2-7-%-)

0000000000000 00000000

NS 1

W3A




4l 310 ENNTINDGD 002 2610 NS}
F Yl 41 a0 HYSLASIVONA=( IIN) A 1610 NS
1 4l 4400 IVelA-BYONA=EIN) A 0610 NS1

WIS tTdX )A=]A 6U10 NS1Y
3 WIS (NIA=HA 9010 NS1I
- 91 41d0 ISJerNS 4+ INSsrSO=g Y 4910 NSO
gl 1100 INSSrNS~1SJefSO=nyY 9610 NS}
al 4140 (1)S2=18D $810 NS}
al 41 (2INS=INS 910 NS
] 3Lc0 [ERLAT-D ] €810 NS
U13100 2eu=y 2610 NS
CINUNOQYH-OVYHR ) 4SSN "D - )dXI=ND (NUNCYH*ID*0VRED I} 0810 NS)
*1=pD 6210 NS)
27941728 =0vye ®L10 NS
Z230(13200¢(t-0AX~1) =228 4400 NSt
_ _ @l134100 o HSIW®I=] CC2 00 9410 NS1
*2=5S01) $410 NS
200013200 ¢1-0AX-F) )=12 ¢ 410 NS1
41 2100 (r)Sd=fs)d €480 NS
d1l 4400 (P INS=FNS 2410 NS}
dl 4100 HS3IM* 1=F 002 ud 1410 NS}
814100 1==¥ 0410 NS
¥l 44d0 ]
L "l 4140 . RECHASAVYHE 40 3SNvI38 A NO121CNDO3Y pd
a1 4100 Pl vy
€1 4100 (HYIII I-CSEANT HNCAINYVYH TIVD 6910 NS1? 1
41341060 pJ <<
_ g1 4id0 . . WBO ISNVYN¥L 3ISEIANT OO d
vlidleO J
81 2400 INNIANDD o6l 9910 NS}
al 41a0 (ONVISIASENYSSBAI=( TaNDA 4910 NS}
~ g1 341d0 ) (ONVSSTA-DINVISHAI = IXNDA . 9910 NS
g1 didD (ONVINIS=ONYS $910 NS
al 4160 (ONY )SOI=ONYD *910 NSI
d4141d0 (23K T1Kd) -=ONY €910 NS1|
a1 4100 . ClaXNIR= A 2910 NS}
g141¢0 (> IA=tA 1900 NS§
4} J4d0 (1)0SOd# ANV 136=2 IO 0910 NSI
9} 4100 14>=tdn 6S10 NS
814140 SeM=M 8510 NS}
4] 4140 HS3IWI=1 061 0U 4510 NS1
H]l 21d0 {r)OSOds LHYLSE=VTHO 9610 NS}
a1l 31d0 HS3W® I=F 061 00 SS10 NS T
81 1140 feoz=x S 10 NSH
A1 4140 ]
g1 4140 360 ¥3IOHD A1SHI4 3IATOS 2
81 3100 2
8l41c0 _ _ (UMIANC TCSCANT WNCADINNYE TIVD €S10 NSTY
61 41d0 2
a1 41d0 n¥C=SNVYREL 0C b )
H131d0 b)
) 4400 o INN1ANDD Ot 2510 NS
a1 3140 TYSHAINYSIA=(TdN)A IS10 NS?
01 42d0 IVOTA-HYSUA=(NIA 0G10 NS}
v0*L8*) 661°08 3j1vg Q30N3IAX3 H NVYRIPT 0Qgt/gU NIiVvR (94 N ~“*€°Z I3AIT




U3ALN LON 340D 40 $S3I14A6 %69 s9e0se NOILIVIIGWHOD 40 OUNI eesese
UILVHINID SO11SONDYIU ON ¢$313SJAViSe

NiwW = 3InYN RVYOOHJEBNS *91ES = 271% wWYrT0ONd *922 = SANZN3LIVLES 3DMNUS $SD12SIAVASe

Y1z kU] WE3LOUN JSNYON DTV _Z3XON AWNLSOD JVAYMD 4CN dYRCHR 1D3rA0 NIIOON 1SITWON J1€I6: 3IDUNOS 433443 NI SNOBLcOs
T (3INON)TICCOLNY (XYWIIZTS (SSIIANODINTIT (Z2I3ZINIADC (NIVWISNYNSLDII43 NI SNOSIQO ¢

1 4140 aN3 4220 NSi
I R . . = 0L S 9220 NS1
21 41d0 1 04 09 (SISYIN*ITCIINIT YA J
A1 410 14SIAINZI=SDANDIL £220 NS)
g} 4200 ANNTINDD OF *2Z20 NS
aldia) (OT*IINVIGYHYIHOE
CYFRY-¢) PO O CINSSNS TCINSH ESINFSINCANVAVHCOT*AIBTIIISAZND YTIVD €220 NS
a1 4100 ICNIINDD  0ONZ c&20 NSt
a1 4400 ZesIASZesMAS () ABVAYY 1£Z0 NSI
e . __H4l3idu Ll L " L . Tom=n 0270 NS
H] 42«0 (IdX)IA=IA 6leh NS
Al 41d0 (MIA=HA 9120 NSI O
614400 14¥=3dN 4120 NS I
a1 3140 ) Q*2Z0SHSH* I=Y CeZ 0T 9120 NS]) <
414100 o=K S$120 NS}
a1 4440 0€ 01 09 (A3YHDd) I} 5 £V20 NS
@1 4100
B . m-uﬁnm o _AINTPd ONV NM3ILAYD IINVIOVHNE ZAVOAIIVD W
o1 d1d
gl 4140 JNNIINDGD 00S 2120 NS1
81 4100 CANDI DM 3UINEG TTyD (Rc1IVI) AL 0120 NSt
g1 44d0 CEPNL*=ASVYY {SAIASNCDI®ANDL DAY €020 NS)
A1 4400 ZNNTANGCD 022 4020 NS|
Gl31dy HYSTIALIVATA= IdN)A 9020 NS
814100 IVOIA-UVSUA=IN) A €020 NS}
o .. 8131dd o . B ) B (LN =D A ¥020 NS)
’ ' d131al (XIA=UA €020 NS1
91J1c¢0 fey=Tan 2020 NS
914100 TeN= N 1020 NSI
14500 (OYUVINIS=]Y 0020 NS §
g1 41d0 {OuY)ISOD=Y 6610 NSI
8144d0 HO8 (R)XCNzZ =YY 8610 NS)
d] 41aU DSHSIW® I=W 022 00 {610 NS
e . _..Byd100 _ . . . _tCNS*ZI/TNWISXENINZERNIAVYRTHD 9610 NS)
gl4100 | Gk $610 NS
a1 4140 HISXO0="NNISX (SAILSN°DI®INDITIIIS] 5 £610 NS1?
a141d0
ardiao .. 38V NDA Hive 3HL A} 3IMTLF NO ONIONIEI0 S$133:43 XIONT D
W1d1d0 " T . TOBANLDVHA3Y 93RS 4TVE BN €218 YWI ¥IHLIZ 3GFrIINT AON J
61 4500 J
Y0°*LE*17/661°08 3I1VvC . . Q30NIAXI H NVYRIPO: 0SE/SO . NIVN tgd 3INOE) O0°c°g VIAEY

B g N R P AP o~ b T o g 1 o s

T
.ttt oot




{

RE]

vz

U3ISN L1ON JYDD 40 SILAL N2 23080 NOLLAVIIAMOD 40 ON3I seeees
O32VH3INI3D SIILSONOVIC ON #SDI11SHAVESe

N¥3d = INVYAN AVUDOUGHNS °*OeS = 371€ wWYyNoOHd *02 = SANINILVLS IDUNOS eSO11SIEVISe
Al WUILON 4SNVON DIV JSHXON LIN1SOD LVWNO N d¥YRCN 13ZIFP0 ¥DICON 1SIICN D107683 3D8NUS1D3IS43 N SADILCO

(3NON)TIBA0ANY (XYWDIIZDIT (SCHINNOIINT T (Z2)IZINTLCAC (NTVYHIINVNLIISI3 NI SNODLCOW

*v3d GN3 6200 NS§
»v3d NUN13Y 8200 NSI
dh3i (/7°2°913°% = BRFSH2*XE*L*413% = INNSHI*X1°/)IVNBO = 0002 2200 NS}
e dw3L T } BWNS *INNS (0002°9)IA1UA 9200 wS1
anil 101/7tRNS=uNNS $200 NS}
dn3i 101/ INNS=MNS €200 NS 1
TETY ANNS 4 IMNS=20 2 €200 NS)
o Wyl INNTANDD o1 zZ2o0o0 ws1i
e AYHA= (1} AUVAY Y 1200 NS}
Yoo (OVUA*XVYNA) EXYRY =XYWA 0200 nNS1
In3l QYHASUNNS =HWNS (DSHSIW*ID*N) ) 8100 NS1
. _dw3lL o AVEAS NS =TNNS (OSUSIN*I TN} 3] 9100 NS}
»v3d ZeeUA+Z 90 1 AZOVDA S100 NS1
Nv3d CIg¥)IA=TA *100 NS)
»v3d te¥y=1a¥ £100 NS
v 34 ) 147=7 2100 WS}
v 3d (N)A=uA 1106 NS)
%v3ad 2°ZCSHSH®*1=X OV DU 0100 NS}
»v3id “O0=XVWA 6000 NS)
. _awkd1® . o L co=uNNS 8000 NS}
dnal *0=WNS 4000 NS1
Av3d 0= 9000 NS1
nvEvd SEcHSW AN * AN SN SN ICXC *RNIAVA S 1 J* ZOSHSH*OSHSIN*INIZON 4

~ WYUVYd CSAINSNEXQOVHINO*dNHOID INTACPr *YOFRYI'HSIN*INI ZO/ NV UY e/ NOWNNKOD S000 NS}
SAVEBY (89LZEIA/SAVHHEY/ NOWWOD 000 NS}

2nd7 AHYOVH® 1PVERVENSO*OSLZ *SI NS XONIHSZ TIAS b

Znd (YOC 9L DA HVAVH® (VEEST JAUVCNY®

o _2Zwo (RZTIILSOC (UZIIOSLIZ (EZIISIIETTIINC*{¥BED 1) XONSIH/ZWD 1/ NOWND S ) £000 NS
»v3d IXYRA)NYID INTLNNNENS 2000 NS)

WOT WEILCN SSNVON DTV -ZHXON IN1ISOD JVYWHOSON cVERFPR 1DFP0 ND3GCON 1SITON J1CI8: 3ID¥N0S
(3INONDITEANANY (XYNIAZES (9CIIRNDIINT T (Z2DIZINT AD0 (NTYRIINYN 33033443 NI SNODAGS

SSNDI 1d0O QI 2SIN0OI
20°28°} 561 °08 31vU Q3ONILIXI H Nver 09f /S0 ’ (64 INNF) 7 °C°Z 134D




Q35N LON 380D 40 S3IAAE Nz $900¢0¢ NOJAVIIANDD SO ON3 oe0ees
[ G31vHINTID SITESONDVEIC ON ¢SIOILSTIAVISe
3218 = IWVN KVUO0NUENS ‘98¢ = 321€ hVRONOND °0C = SIN3IWIIVIS 3IDUNOS 8SOTASTAVAS ¢

¥4 nl REIAON JSNYON DIV _JSHXON AWASOD LVYWHOHON JVROM 1DZCE0 NI3CON 1SIION J1CIE3 3JHNOS$1D3443 NI SNOQJLaOe
(3NON)ITIBA0INY (XVYWIIZIS (SCSIINNODIINTY (Z)IZINTLAAC (NTVR)IINYNILDIIAD NI SNOBLcOe

3IZIS ) o . i ON3 1€00 NSO

218 NEN13Y 0L00 NSI

321s (Z2A)180S=2A 6200 NS1

3718 (Zx)1eCsS=2x 8200 NSI

.. 321S o . Co20A~CHNS sNUCAS =2 A 4200 NS

321s SO X WNNSONHONS=2 X 9200 NS1

321S IHNS s WHONS=0 A $Z00 NS1

3Z1S CHNS INYONS=D X ¥200 NS1

3218 . i . SHINS/* I=WHONS €200 NS1

3Z1S SNNTANOD ot ZZ00 NS1

3Z1s NNV ESHNS=CHNS 1200 NS 1

3215 NHEVIOSNNS IRCS ZIRNS 0200 NS}

. 32tls o _ B NN UV IDSHNIENNS=CNNS 6100 NS1I

. - b 3 £ NWHY sNE+ 2NNSTIRNS @100 NS)

zi1s NNNVINY? TRNS=TNNS 4100 NS)

(N*WIAVENY = NpHY 91006 NS)

321s 20 9mH=OSHY S$100 NS

321s QIn-W=wd *100 NSI

321s HS3IW* I=W €1 DU €100 NSO

3218 2+ eNN=DSNY 2100 NS}

o _ 3218 ) CIN-N=NY 1100 NS1

3Z1S HS3IW® I=N 0 OO 0100 NS?

341S *0=SnNS 6000 NS1Q

3z1s *O=9NNS 8000 NSI

U218 *O0=ENNS 4000 NS}

3218 *0=2nNS 9000 NS1

321 ' *0=1wns $000 NS1I

3718 192/HS3N=01N 000 NS1

o _B2YS (HSINHSANIAVYHEY NOISNINIQ £000 NS1

71s (CACZXCCACOXTFSENHSINCAVEIVIIZIS 3INDANOUUNS 2000 NS

4 wUT RYIAON ASNYON DTy zZHXON EWASOD 1WVWBUJON JVRCR IDEF€0 ND3ICON 1S)T0ON 310383 IDHNOS
P (INON)IBCO INY (XYW)IDZTIS (SSPINNODIINIT (Z2)I321INIRdC (NTYN)INYN 2133443 NI SNOIJol

ISND11dO 031S3N0D3
U0*1S°’ 661°08 31va ~ 030N31X3 ¢ NYRIEF  ONE/SO (92 3INAC)  *€°2 13A3T

W e 2 e



gasN 10N W02 J0 $3I1AE X210 steese NDIAYIIANDD 40 ON3 seseee
e e e m e e s B e e e e L. QG31v¥3IN3D S3J2SONOYIO ON  #$D14S1AYASe o
= 3I7V¢ WYHDOUa *2) = SAIN3IW3LVLS 3IJUNOS #5D13S1AVAS e <
M4 wWdl WHILON SSNYON DTV =ZUXON LNL1S09 LVNJO4ON cvrOr 133000 NIICON JSIION 10583 I3UN0S e473443 N1 SNOILCOe
(3NON }IB00 INY (XYR)271S (SEIINADIIND T (2)321IN1Ld0 INJVN) Sn¥Ne1I3333 NI SNO11I<Oe

SAVYHEY= 3RYN RYUOCHJBNS *O

vILIND on3 £100 NS}
Nl ,C926SIV1E/1d* /B2 1/HS 3N VIVE 2100 NS1
N WWISIND JoTCTYAS 1035V I° /3 13314°0 144 7d VIVE 1500 NS
JG 0¥  1041T1°°0°29° 1430 1°¢Qg¥°140°02°06°¢C7 ¢
V14N INTZON* S TIEN * XA GVYHIND UG * ON *ON* YOBNYY VIVGD 0100 WS1
AVIAINT /79924354 4s
o __OVY1IN] *3STVdte2° 301 e2/A3801° ANOY LSV SXVRITIS1SALIGEASIVAL A220d VIVE 6000 NS)
IV IND ON* VOERYT V3N €000 NS1
WILINI 3141740141 c vI1907] 2000 NS 1
V11N AV XYNLT ISAL A AS TVAC ATN9c TvITI907 9000 NS1
_ 1dINMd . NthJ&oOthJua *
17d1Rnd ASUDTCANDI LS VIS XYW 176 1€5 11 1S IYAG A IHDd/ TSI N/ NOWNDD $000 NS1
nynvd S1cHSH S INS INCSHOSH S TEXCINNTAVAS 10 ZOSHSI ' DSHS IR *INTZON 4
v EvG  SaTISASX04QVHING *aNOI ON R *CF *VOERY T HSIN S INTZO/WYEVd s NONND D 9000 NS 1§
o sAwedY s . (9OLZEIA/SAYHEY/ ANOWWOD €000 NS1
AVILIN ¥v1v0 »20Wu 000 WS}

794 WUD WhdLlON ASNVON DV 43UXON LWASOD 1VRNDION c¥PCh 132 €0 XDIJ0ON ASIION D1¢I83 32¥N0S
(INONITEC0INY (xVW)IIZIE (ESIANNODINLD (2)321WTsd0 (NTYN) IWYN 23333433 NI SNOISGL

SSNDE 140 03153003k
__ 030N3AXI M NYHIND 05E/SO ’ C (ge INOW) £EcZ I3AIT

607251 61°0% Fivy




v

C<CS wWHYH J
UIS novH INITTMd WY SNO1LIONOD d>
€0S nivH IA00VY ML 40 3NON N3ME € = ¥MIST NBNL3IY NO 4} pl
oY RHVH ® QILNAWOI AITE FON IAVH HD HONONI b
0BV RUVH 30rVY AON SIHY S53768vE AND CNY 3236 THL AVYHLE SNY3IW bl
0Ly RUVH T = u¥3JdY * ¥-°2 St 13%41 N3ue g£€*2*t=1 * o2 J
Cor WHYH NYH1 :3AV3HD S1 (1)IW ROWTXYR I8 SAvIW | = ¥H34) 2
R 0SS WHVH *1-°14°0 S1 13S41 N3I-m *EOIVOION] HOUWI - HEZSI J
COY RUYH (1SIX3 $371BvL AN] ORY 315 IWFSSY) 2
Okt WHYH ATIND WHOJISNYHL HIIYNO 4 ISHIANT ALVINDIWD z- 2
0Z2v mrvH (1SI X3 S3IIRv)Y ANT CNY 3NIS 2
GV kYVH 3ANSSY) ATNO WHOJSNYUHL H3T¥FCY IV-NITYD 2 b]
GOV hHVH (A0ZE COHIIN HICNN ]
06GE KYYH SACIVND3 3H1 IIS ISUIANT J4f TNINVIN ML p)
COE WHYH B0s) WHOSISNVYEL ¥3IWN0Y HSEIRANY JILAVTNITYD 2>
... _02€ WYVH _ ONY_AWO SIVIVL ANI CNV INIS en L3St~ b
09 wEwH WUCISNYHI ¥IATHIOS ILVIND VD 2
G3E WHYH CNY AINO S3168VLE AND CMV IAIS N 13S - >
O%C WHYH ATNO S3Tev: ANI (NVY INIS cn L3S >
L ._.0RE nidVH STNIL13S DONIMOTIOS ML HEIP_ NHZI3RVYUYO z_.:huo NV - 313SJd1 e |
O2E mHYH AR1 SY INYS IHL 2
0VE WivH NOISNINIO HIIA S3T0VL 3INIS ¥0d VYUY NYOM HOLI3A v - s 3
O00€ nuvH LENSZN*IN) XY 2
062 _nHVH ) ALIANYNIO 3IHL 40 +2MNr= 2MC NOFSNIWIQ dC 2
CHE wEwH NOTAYTICIINYR X30N] ONY A1F §0J v3IMY MHOR HOLAI3A v - ANT 2 =
042 nUuvH €421 = 1 *(1)WNseZ SI v 4C NCISADWNIQ ) 3IHL 40 °*IN 2 —
N9Z wHvH $371S5 3IHL ‘Y AVHNY 3HL dJC SAAIGAINI0O £ 3HL 40 b} N
_. _LSZ wWnvH S3I215 3H1 SINTWYHILIQ HIIMP HCEDZA 173D I3uHL v ~ L] J
ove W A (Ero2helR)IeZ SI V¥ AVHEY >
0CC SHYH 40 SNOTAYDIOY 3HOD 4O HIEWNN I1  *WHOSSNYHL 2
022 wHVvH 31 UN03 X3NdW0D 3HI SNIVINCY v *1NdANO SV P
.. . _UtZ wdvH *AT01gYN 1SYIT SISVIHTNT F 1 ONY ANOIJDYM LSOW e )
T T 002 muvH S3ISYIYIND 11 1d1pOSBNS 3k 1VE1 JION  *ONIAOITIO0O4 P
C61 wniwH ATZAVI03WNT D IHL AT €1 JEVe ANYNTOVNE 30 2
UB) WHVH *O13 1-IN* et %0 = 11 GCNY F°2°1=) *(1)Nesd = IN P
.02V widvYH JeaHA 1 4+ (11 + INeZ2I + Z2heINetT)eZ XIONT HLLA >
031 wWivYH IS v NI NOTHSYS EOLD3A K1Y C3:CLS ST (£1°*2t1°11)Y 2
GSl wdvM 40 fdNvd Iv3y 3L CC3WUC=SNVYNL 39 Ot Avidy 2
ol WiHuH TYRCISAINIO-E *X3IT)dWDD 3HE SAIVIMNDD V¥V ®*1fuNY SY - b}
L R OC1 WOVH o B SH3ILINVY YYD 40 zo-a-zunua >
N T 7T T 02y mvK ) d
Gl wovMH CHYI AT ¢ JASHTI*S ANT *WeY ) RMVH 1Y) pJ
GOl WAHVM INvSN b
06 wbvH pl
€8  wMNYH ) AVHYY TIYANDISNINIO IIbMHL bl
0L mUVYH NIVARDD ¥ ND SHUDISNYHL HIINND: X3"eWOD 3138510 SKH0JYId d
09  WHVYM 3S0udNd P
. 05 WHVH . ~ _ o B d
o 0v  wavH T - T WNEYH 3INTLCCHENS b}
Iz WEY WB3LA0ON SSNVYON DIV =3eXON AWESOD LYWHOSON c¥BChA JIIFE0 NDIQON ASITICN 310383 IWN0S
i L (INGN )THOD LAY (IXYWIIZTIS (9SIINNOIINT T (2)132INTLGC (NTVNDIWNYN 2133443 NI SNOThot
SSNOL a0 Q3 4S3N0OI
€025 661°08 3iva . Q3ON31IX3 H NYARC 09€ /S0 €02 INNC) reE*2 NIAI




60°4G6°"

U0 IWYVH ENSNSIN =XN

CSOthHYH 0Z'e1'A1 (13S41)4)
Ce0 WY EWeeZ=CN
CEOTwHVYH eHs eZ=EN
020 InuVYH InseZ=iN
CIO I hYVH (€ Iu=Ew
CO0TnuvH (ZIn=Cw
066 WUVYH (Y In= e
GB6 nivH o= Y341l
046 WiVH NUNLIS Y
096 WHYH 1=t34)
US6 hWEYH E1°v1%0t U Rw~-11lw) 3I3)
o6 WHYH (°2)18Cs = 2100V
CEH wHYM 2« ((CINL(ZINC (I INDIOXYIN=11W
026 wWYYH 21°CC6°006 (1 - (13SJd1)SAvE V4]
016 wovyH TICINCENTISQCZINSSNI(LTIDINSIN) FDNITVAINDI
006 hHVH (SICPCLZIZACIZINHLDIONCTEIN(EIN LTINS (R)ANTC(TI)VY NOTISNENWIC
068 NuVYH (RR3d) *LACSI*SOANTI WAV INYYH 3N T LANCUANS
VY8 wWlVH

OKQ ’N&"t'..ill"'.'........'l..'......Jl..'.‘...'..'....‘DCOQ..'....QIQOOO.
€9 WHYH .

0SY wivH *2E2 *d *(S961 ®HaV) 61 °*“TICA *SACIIVINGWDD 30 SISLYW3IH YN

0oy hdVYH $5,831U3S HINUNOSA XS VWCD 40 NOTRVINDTIVDY INTHIYR

0LER WiVYH L VO3 WHALREODIY NVs *AZXMFL *B°f ONY A3N00) *&°f 33§

(28 wyvH

018 miwvM

000 wuVYH o=cr 0=2r o=1ir ENeZNe IN

CoL roVH €Pe 2ZFe _IMelLlc2rtir)x rpe nNs WSy ~-womc—a-

082 wdvYH £~ 20~ 1= 1-€h 1=-2N 1~ IN ]

OLd wuvH =(EN*Z2YIN)Y
094 wWHVYH

0SS WRMVYH *CINIVIOO SI1 X AYMYMY XITINOD

0%2 wHVH 40 v WHOISNYNL ¥3ITuN03 FSHEIANL Iy *2- HO *1- = 13S4] 204

oLd wHVwH

022 wWHVH

0lL niwvH . £rat>=C *2r*2%=2"

002 muvH CSIfsIN=17 ONY ALINN 40 2CTE (1IN 3HL ST IA JHIHA

069 wivH

09 wdvhH 0=f¥ ozZn Oo=1

049 WUYH . tme 2Aas TRO(EN 2N TIIY wrs wWns HOAS=(Erearsir)x
099 wivH £ Al 173 t=fh t-ZN 1=-IN

0S99 nuvH

099 wHVH ®"03N1ViIE80 S1 VvV Avady

CED muvH X2 dW0D 0 WHOISNYHL ¥ITENCY 3JHE *7+ 80 *1+ = 1353} 2CH

CC9 nuvH COHLEN
019 wuvH

C09 wWHYH SNON

065 NUVH R Q3P NO3Y STYNINLCENre NOLLIONNA ONY SINTLNOYENS
09S WHVYM

046 WHYH } ge2el = )

€95 wWUVYM *0Z AVHE ¥ILIVIAD HO £ NYME €31 AF ION ASw (1IW WNAWT XVYN

055 nuVvH 3H *2 40 HIMOD v ST NCISEAZWTIC HOVI HIEHAR Nl SAVydY

0%S hUyvH “YACISNINIC-E *XJITdW0D ¥0 4 CICN 3IF 01 ST AINTLNOYANS SIkL

(E£S WHVYH SYUVYHIY

06 1°09 I4vU0 . G30GN31X3 H NvIRXT 09¢/50

A\ A
£t 6000 NS

|}
1 S000 NS?

QuNMeNO~CO
- gy SR gu SR L gn
a0o000000a80
00060000000

z

[

-

VUVVU VOV UVU VWUV UOVUULUUVUVVLVVLDVWDUVV Y

(84 INNC) ~°C°2 TIRIT

A-11



CO91 hadVH
06S InNVYH
OWG LuidvH
OLS L hHVYH
OYS TR
06S tnUuvH
OvStndvYH
OES LWYVH
CZSINNVYH
OISIndYH
005 IWNVYH
LI YGA L
0Ly IwdvH
ULv INHYH
09V INUYH
.. 0SvleYH
Ove INSVYH
VEVINnYVYH
OCoindvYH
4 . OleindvH
COvInavl
O6E InHVYH
OBE INUVYH
L 0ICiwd¥YH
O LWHVYH
OSE I AUVYH
OvE intvH
OCE TWHVYH
CZh I nBVYH
OICTRYVYH
OOE INNVYH
OBCTINdVH
CeZIndVYH
0LZIWHYH
COZINHYH
L USZInuvH
0vZ I ndYH
0CZ2 INUYH
022 1ndYH
01ZtntavH
002 IndVYH
‘ 06T IWHYH
[(1:2RET-1 0

020 hiYH
60°45°17 " 61°0€ 3iva

CSeASYINt I=w 08 0C
L= ASYIN
J191°11°1=1 068 OQ
ozf WC4 00U

2=-31€En=N
v/316%=1 19N
219»=4)0rr

2*1Im* 158137 0v2 UO
o=ASVAr

2 = ASMI3

AZA3 ST M

0L C1 09
t=asvir
ASYIW ~ 430

= (2-V)9e2 =

_Q3CNILIXZ H Nydlpf:

€= ASHIID
254052052t - 1h) 4]
de01eX)V=tVeN)Y
i-Cle)v=(2+4QM) V¥V
(140>)y=
14(¥Iv=ziN)Y
—{d)vy=(ON)Yy
ta>iv=4

1

(Og¥)y-OIdy=tON) ¥
()Y IN)Y=I{N)Y
O=r*i=27 HA1IA d31S 3NO DO

27ENaN=0ON

2%3SYIN* )= 0SS DO
14I%=3SVIX

d4101*11°1=1 0S ©Q
2=116%=Ix

- 2/118>=338
3Sv) =Y 00 °*QC0 SI w

09°09°09( A3r -~ I0) 31
_(2/71m)e2 = Aum
[GRRELESSITH]

(CIYcN=g101

0L 052°052(1In) 41
(O01)w =

te1 = 17}

(Q) IaN=-(E)dN = T
€*1=01 0§82 00

. ENS(2)aN= 1€ )ON
eNe(1)aN =(2)dN
S2sIh=(1 daN

NA47(192)Vv~ = (1e2)YV
NI/ti=Je2)Y = (1-102)Y
XN*Y? = 1 &t QO

XN = NJ

09¢€/S0 WHYH

vy

0l
09

Vv

2%
0s

Vovuuy

o

v

164 INDC) ¢ 2

353

222222
AVNAAAN
- - - -

22
e
-

!!222225

naavann
0 e -




VO VLHIMYH
0602ndVYH
O 02nUYH
0402hHYH
090ZhHVH
0402 havH
Ov0CHAuYH
0L 02ZNUVYH
0202ndVYH
0302wWAYH
000ZwWYVYH
066 INYVYH
086 IndVYH
0261 nOVYH
OV6InbVH
- S US61nY
Ov6 I hdYH
0C6 tnUYH
026 IndVvH
Ot I ndVYH

006 IhVYH
VoY IWAYH
08w I haVH
0L IRHYH
09G I WHVYH
0S8 INdYH
ovaIndVH
Oty L indvH
C2UEnHYH
019 INGVH
008 L nHvH
064 IWHVYH
084 IWyVYH
0L2INUVYH
092 INHVH
CSLUNEYH
0vZ IwaivH
0EZ IWdVH
022 mtivH
O1L ImwtivH
00L IhlVH
069 INBYH
0H9 INSVH

L UL IWHVYH
UG U MUYH
0S I InHYH
OvIIWUVH

. OEYINdVH
029IWNVYN .
0191 nuVH

60°*26°%12 S51°08 ALlve

GIAANILIXI H NVRAIRC:

#101%2SVI*FF = |1 SO OC
e ) =35V
t=f 804 O0C

e 4107 =l
20°S€2°S€2 (i1Svr) I}
ISIRRTS RALERRES A )
1-C1e2%)V=qReEN)Y
ye(ZY =MWy
y-(2n)v= (€M) VY

2 144

M4 SHEEN
"o I U= N
nen=l N

1¢€£ /S0

2
3

29

oe
>
3
3>
B
P4
>
2
>
Bl
3
e
2
pd
Ed
>

182 3INNF) ¢

2Z22 22222 23

30Hﬂﬂm nnvaen 0
Wwmm e WM s e

NS )
NS
M2AI

A-13




[ AP E-RA

. 0122nuVYH

COYZRAVH
CL92hUVH
CI92hHVYH
CGIENNVH
CovZhivH
CEYZNHYH
0292ndVH
C192ZnivR
0092hUVH
065ZhEVYH
OUGENYVYH
CLS2hYUYH
09GZhUYH
0SS VYH
['3374 %) 1]
CESZhUVH
02SZnHYH
CISCRYYH
00SZhbVH
COEVhHVYH
OGv2ZNHYH
OLvZhUYH
09vZhuVYH
OS¥ZRYHVYH
OvvZWUVH
CEVZhUVYH
0CvZnbVH
OTvinavH
OO0V ENHYH
CHEZRUVH
COLIrUVYH
04CChHVH
CIELChUVH
0SEZNYYH
CoLZhUVYH
CELZHYVYH
02CZnUVYH
ClEZhtvH
[1: 14 X-1 1]
OG6LINBVYH
08ZZnavH
0L22nUYH
09w VYH
CSZChEVvH
CvcenHvYH
VEZCnEVYH
02<2nUVYH

002Z2nUVYH
061Z2nuVYH
091 ZWUVH
0L 1ZnYVYH
09 1ZWYYH
OStZWHVYH

661 °08 31vC

tear pAND=
S(r)ANTessm=A -330
SsA KIL133

asvIrez=r 0tz 0Q
Ssf ONINJVYN3Y¥ 3HL CO MON

J100C ¢ rf =r¢
06°SC2°SE2T (1-41SV¥Or )4l
L€ T4ZNIVE(T4ZN) Y
A=C142N)V=CT19EN) Y
He(eyiv=(en)v
H=(2MNIv=(EN)V

(€>)v=42

{1eEN)VY-=¥
A4iTeNIv=tToeN)Y
A-(Tex)v=llsi)Y
(1eIN)v=

1+43)v=td)y
A=-¢>»Iv={IN)Y

{ixn)y =12
2A008/C141AV)I=ET4IN)Y
240087 (BUuRY)I(IN)Y
2100870 1-1AV)=(l4EN) Y
210087 (H-YRVY )= (EN)Y
(I4ENIVY-(EYIVYEY
CISENIV-(ENIV-=N
(IN)v4lleld)IV = 1AV
(13 IN)V=-(IN)V=tay

CoeP=fP *2oeAxZA

14(04N)y=(TN)Y
A-0TedN)y=(T42M) Y

(1e2¥IV=x

Jv-(e2> vz (g
IvelZd)Iv=(T
NIV (¥IV= (]
N)verdIvel(

SRe(IN)VY=(1T
Hy-(i)y=(2
2 AR A A
jel)=A ONIA

JCeCe << «

)

)

)

)

as INIV=(EN)

)

)

)
S1=2R°210P0CR/(T4L-)=EAR*210 13

O3ONILIXI H NVYERFT ost/ssa HUYH

06
96

06
%6

(®2

VY YU

VOUVUuUVUVI Y

INDT )

CE10 NS3
1£30 NS )
0€ 10 NS
6210 NSI
uZTI0 NS
4210 NSI
9Z10 ws)
SZ10 NS
v210 NS}
€210 NSJ
TZTH0 NS )
1210 NSO
0210 NS1I
6110 NS)
V110 NS
4110 NSO
9110 NS)
S$110 NS}
*110 wNS1
€110 NS)
i110 NSI
1110 NS
01310 NS1
6010 NS
Q010 NS
4010 NS)
9010 NS
SO10 NS1I
Y010 WNSTP
€010 NS1I
2010 NS1
1010 NS
0010 NS1I
6600 NS1
600 NSI
4600 NS

“eCe2 AT

A-14




A ~TE I T

VZZERUYH ERSICH)IVORa L EIN)V=(IN)Y 2>
0IcENnYYH ZASIZANIV-LYIV=IZN)Y >
00CERUYH MO 2RIV (NIV(NIY 3
V6 IEWHVYH 0 JON f MLilW S¢31S NAL OC >
OVIERMVI >
OLIERYVH L1EXIHZEN 1210 NS1
CIIERBYH 11030 IN=2 N 0210 NS}
o . USTERMYH . . o LIEweN=1 D 6910 NS1
OPIENHYH 2ASYIN®I=N 022 (O €910 NS}
OCICHAVH 14 I¥ELSYIN 4910 NS}
021EnHYH 4101*4SvI°rr=1 022 OO0 9910 NS
N OVICWHYR , FCa=4SYIY 002 _ $910 NS
COICHUYH 1256€1)S-=42)c A 9910 NS
GOOE haVH €323 1)S-=(1)Em £910 NS)
0B0ENYYH 23€1- = D¢} 2910 NS
e _ . U20EmWUYH e L ) JI€144N=3020L ) 068 1910 NS1
090ChaVYH INYHAVNO G¥IFL N1 JeC P
0SOERYYH >
UYOEWHYH 002 €1 09 0910 NS1I
i 0COEhEYH o - . . . . co=(2Z)Em 6S10 NSJ
GZOERYYH *t-=(1)ER OB 9S50 NS
O10EnEYH 002 €3 09 1510 NS1
C0UEWHVYH €33€11S=(2)IEM 9510 NS}
o . ChbZnHYH e . _ . gIENIS-=t1)ERm . $S10 NSI .
086NEYH 2€1-=2 1 021 *S10 NS) N
0ZO6ZWUYH ANVHAVNO ONODJ3S NI €13 ] <
096 INYYH 2
. . 0S62nYVH i o L o 021°081°061(D3€) 41 €S10 NS}
0voZRHVH IN4IET1=ID€) 091 2S10 NS
CEOHShEVH P
026Znavn 002 €1 Q9 1510 NS}
e . __Ol162WHVYH e . e *i=q2Zica 0510 NS}
0062ZhaYH *0=(1)CA 061 6v10 NS
06U LNYYH €6z Gi 29 ev10 NS
QHI ZWUVH ter)s=(zicm 24010 NS
_ . _.0282nbYH _ e . . (JE1)S=(19CMm O 9410 NS1
0YBZWHYH INVHOVAD 1SHI3 NI €1} 2
0SHZhBYH 2
OVHZ NUYH Ov1°061°091(3€1) 3] Sv10 NS§
. _CEEHZAYWVH . o e R . €1-1N=2E1 9910 NS1
02dSWHYH - c1+i=€]1 of 1 €480 NS
oluenavyH (232118=(2)2A Zv10 NS}
VOB SRUYH OZ1IS-=(t)zA 1930 NS}
N . 06LZwHVKH . 221 -=221 oOv10 NS1
0BLZNEYH IN®DZT = 2221 o2 6E10 NS
CLLZWEYH ANVHAYND OAOD3S NI ST 1e2 2>
0922hbtiyw J
—— e .. GSdEWP A e e e ... CET CA D9 OC10 NS1 .
UL CHEYH St=(Z)ZA 4E10 NS1
OELZ havH *o=(1)zm ot 1 9t 10 NS
C2L2ZnHB8VYH cEY €1 0% SEC10 NS}
a otzendvH . o . (Z1)¥s=(2dem oC 10 NS}
00L2nuVYH : ’ (221)S=(1)2m 0ot EE10 NS1
CO69ZRUYH ANVHAVYNC 1Sul4 A1 SO Te2 >

60°49° V¢ 61°08 I31va_ __QG30N3)1X3 H NYVI¥O: 0¢¢e/S0 NAYH (94 ANNF)Y + ~*2T NIAN

il LB e bieodin i < < AL it .



0DLERSYH

CSLENUYH

Ov2ZENHYH
O it nadvH
022CnHVH
Ol2EwWUYH
004t WUVH
069 hEVYH
089ERYYH
GLIERDVYH
099ENYYW
O0SYER . A
OvSErVVH
OEYENUYH
029ENUVH

. ___ot9twdavYH_

CO9ChEVH

06SENUYH

08sEnABYNH

0LSEREVH

OISENYYH

OSSEWHYH

OvSENYYH

L OESENEYH

02SENYYH

OI1SENUYH

COSCWAYH

06 CENYYH

ORVEWHVYH

OLVERUVH

O9vEWHVYH

OSYERHVYH

CYVYINIYH

OLVYE RUVYH

OZvEWdYH

OIvENRUVYH

COVE NUVH

ObEENYVH

0BECWUVYH

OLECNRYYH

UIELENAVYH

OSEEhUVYH

OvELEWUVYH

OLEEEWAdVYH

V2EERYYH

CIEENSYH

COECHUYH

06ZUNIYH

0R2ENNYH

GLZENYVYH

092ERUVYH

OSCEWHYH

OVYCENWBYH

CE2ENBYH

561°08 3A1vQ

6€0°28°1

3080 NI

G30N3I4X3 H NVRIRMC-

v3IHL SiN AINTIFNY ONT MOTI0S THL
ZHY S3SS3IVA0VY H1IHL ANE SKNS I TXN0S XINIWNDD 3IHE IAVH ACN IR

1=£091

ik °03 NO °*®D &N
09F*09C*0LE (IWEW) 3)
Lp-EN=LWEN
INSIN=0OSYAN
*Q3T3IAIY-138

dC0Y 4l 340 ON3
3NPNTANOD

d007T 7 40 ON3I
INNFINUD

C4ASVYIC oo=ASYIT
dOCV-r 4C ON3

rfre2100r=rr

Sd00Y ¥ ONV | 4C GN3

1o 1a2WIv=( 142N Y
A-¢142y)v=CleEN)Y
yegeNv=(2M)v

. Y=-(ZNIV=(EN) Y
{(€>)v=4}

(T4EN)V-=¥

IEIRESRALIRES T2 )
A=(texd)u=(1el)Y

(14¥N)v=]

Jet¥IVEIN)Y

1=¢>)v=CixN)Y

(IN)v=y

LeImv=(TleI NIV

Heumv= ()Y

1-TAv={14Ed) Y

U-LOVE(ENIY

(1R (D4 INIVE(ZIM(IN)IY=IAY
(CIRS (14 INIVY-TIMetIN)VY=HAY
(LICRS(I4ENIVH(ZICANIEN)VYEL
(2IEMS(IIENIV~LTI)EPS(EN) VY=Y
Letlay)vz={TeM)Y
2~CTeX)V=(Te2N)Y
HegdIvsiNly

H=-(NIV=IZAN) VY
(L)2Ret1e2NIVE(2)2CNe(2SH)VYx}y
(2IZAs (Te4ZN)V-L1)ZAslZY)VmY
Tefn)v-(ZXIv={ENMI Y
Is(CNIVE(2ZY )u=(ZH)Y
CIXNIVY=(NIY=(IAN} Y

IV INIV=IN) Y
ERe(ENIV-Asl IYIV2(EN)Y

08c/S0 NUYH

09¢

0S¢

0s2

1= -

ofe

oze

vy

vy Vuwvv

vY VB

VUVIVUL

10z¢

0020
6610

240

(84 NOr) o°g*2




il .
RN MR B 5 i o i e

2w

gk,

Lk e

COCYREVH
O6ZWYNHVH
002yndvH
CL2vnhNbVH
GCICVIBYH
0SS ¥nHVYH
oOvZohuYH
CCSORUYH
022 enHVYH
Cl2oynuVYH
002 YW YH
COIORNYH
CYlvnEVH
O2londvH
CItOhuvH
.~ CSlwndvH
COLORYYH
CElvRyYH
OZIVNRBVH
OlLionAVYH
COlUNMVYH
CO0YRhIVH
VOOPRAVYH
0L00nuVH
09C¥RHVYH
0SOVhUYH
OvOPrYVYH
OECUNHVYH
(x4 181221
010 RidVH
000vREYH
_066ERYVH
OUY6ERYYH
CL6EWEVH
096EnHYH
OSEERIVH
OvO6ENYYH
0E6ENYVH
0Z6EREYH
CI6ENnYVYH
COLLWUVYH
06BERNVH
ORBE hWHVYH
0LBERYVYH
OOVENSYH
OSHEWYVYH
UPBLRUVH
CLUENYVH
0Z20ENHVYH
OlgCWUVYH
008 ERYVYH
06LEmdVYH
08LENBYH
OLLENYYH

[ A E-Ad ‘661 °08 31v0

G3CNIIXI H NVRIM

NN IN*1=2¢r 0S8 00
€14 (2 F)ANY=2dd 1
ANAZNH®I=2¢ccl 020 0Q
1=2¢r
eNs(Eal*Cadll=C]
ENALINZLIEDIP )ANTI=CO T
0€9 C1 Q9
ANAENS{CHM)IANI=EG]
£09)° (029°019) C1 09
ENNIN®I=Ccl 048 0O
(EFT)ANTzEdd )
ANAEN® I=€dcf 068 UU
1=

1=€cr

IN/CSANIOr T
IN=INNIW
INZANEINALIN

T=iINAIN

2=1091

A¥W NYHI SSE7 In

€8s 01 09
AN=INNI N

AN/ INZ=ANAIN
1=1n91

AW *03 0 w9 IN

09S°09S°0LSAnTN)S]
An~=THz=iNINW
ZN/DSAIN=ZOr M
EN=ZNNI N

SN/ IN=ZNALN

1= AINAZN

e = 2091

AW NVYH1 SS$37 2w

0ge Ci 09
ANZ=ZNNI N
AN/ZA=INAZN
=209}

AN °03 MO *M¥9 SN

09%°09%° 029 (aNW2n) 41?
AN=-Zw= N2 N
EN/DS AN = €arre
EN=ENNTI W
ENZIN=ENALN
T=4NAEN

e=£001

AW NVYH1 SS3T7 €W
¢eg 04 00
AN=ENND N

AN/ EN=INAEN

0°9€/S0 ' NavH

004
029
or9

009
08S

045

U

09S

vV

0$9S
08 e

oL

o9

vV

(42
[1:2%

0dE

(54

(82 INMT)

negez

NS S
NS)
NS )

WIAI

A-17




. ——— i,

COIvYNHYH CAIN=ZIAr
k. CYY P RUVYH 1= 804 (V-Andes2=410C J
] (CSuondvH pJ
1 OvHOWHVH INZdILS T 9920 NSI
] OLYYRUVYH 127 B304 (14 V-LN) 09224315 2
4 CZVREVH b
L ClBOY HVH YEQIGHESBL = VviIH] Ol SHZO0 NS)
S COYORBYH L L . 127 YO (14 1)2e2/31d=ViIHL J
COLYRHYH 3769vs NIS dn 13S 2
CULYRYYH 3
! OLLYRBYH 2/AN=Z2ALIN 620 NSI
% OQLUNUYH IneeZ=1N . €820 NS
: OSL Y WHVYH 0=ul¥3IJ]l 906 2620 NS1
C2LYNUYH €1°906°906 (61-1W) 41 06 1620 NS}
! CLLYnbVH ) CAN*2 )CXNYN = AN 0920 NS)
. _O0LYRUYH s . = ((EIN(ZIN L 1IW)IOX W= N 006 6420 NS}
069 eWEVH 3
CUIYRHYH *S378VYL AN] UNVY NIS 3HE SZINDINOD WYYOOUHe ONIRCII0s 3IHL )
V29YWHYH b}
. CIIVNHYH o o . - NEN13H S68 8420 NSI
0GPV wWHVH (1s2)v- = (Je2)v 268 4220 NS
[ A2 2 22 40 XN®T = | 268 0C 164 9420 NS1)
0EL9vinEVYH S68°S60° 16013531141 Q68 €420 NSI
L meeewdYN . o J o0
. CGl9er . vH d007Y €ddl 30 ON3 k) -
009 nVYH €CArr+Cre = €0 084 %420 NS m
COSTRYYH p]
OGSIYNEVH o Sd00 £dF ONY 2dcl J0 ON3I 3
CLS IYNHYH 2Crre2rr=2rr OLg €420 NS1
09S b huvH bl
OSSYMUYH 2drr ANV [dcf 30 ON3 2 .
R ) _UYSeNUYH . L . - B . rerestee=1rr 099 2420 NS1
OLSYRIEVYH 2+r=r 0SE 32420 NS]
O1SPYRUYH d=¢tel) Y 0420 NS
005 ¥ hbVH (lerdv={lsl)y 6920 NS1
) . COHVORNMYH . _ . (1el)v=1 8920 NS
. CEvYNHYH 124V 4920 NS1
CLvonyvYH (Fiv=¢1dyv 9920 NS)
09V PWHVYH . (1lv=4 O¢g@ S$G20 NS
. __ _oStenuvH e L 0S8°0S0°0%8 (1-7) 41 9920 NS}
T OvYWRUYH 14(1d14lddl)e2=1 OCW €920 NS1I
. CEYYRYYH INAIN/EIDS )IANI=Td]) 028 2920 NS1
OZvynuvYH oce €1 09 1920 NS1
CIvvmavYH L INAINS( 1dr }JANI=1d] O1B 0920 NS1
O0vYoRuVH 109])°¢028°0168) C1 0O° 6520 NS1I
COEvRhHVH INNIW ti=lef 060 OC 8§20 NS1
OBLYNRYUVYH Cle(IFrIANTI=Tdd 4520 NS
el __C4EWWHYH i . . . _.ANAIN®1=lcel 0SSO DU 9$20 NS}
. CIC Y hUVYH I=irr 009 §520 NS§
CSEwnwtYH INe(2dY142ddTY¥=21 082 *5$20 NSI
CYL OnMVYH ENAIN/(2dr IANLI=2dl 022 €520 NS
CEEORYVYH o 0£2 04 DS_ . 2520 NS)
T OZEYWHYH Tt o ANAZNOL2dP IANTIR2d] " O1 2 1520 NS}
Ol yndYN 2091°(022°012) €2 OO 0$20 NS
: 60°1G* ‘661°0R 3Jivo Q3ION3IAIXI H NVRLRT 0sL /S0 RUYH (€2 INAC) ~°C=2 TEAI




i G3SN AON 3H0D 40 SIL1AE6 NOS 90006 NIILVIIdNGD HD ONI 90eeee

e CGILVHINIT SOHILISONDVYIA ON 05D11S514ViSe

. WHYH = 3wYN hVYUOCHJENS *°902S = J77¢ wWYNDOUd *VIE = SIN3W3iVLS 30MN0S eSD13SIAVISS
734 wOL _WYILON JSNVON DIV J3UXON_ANLISOD AYWHOION dVROR 1337 F0 %D3IOON ASITON JD10D63 IJUNDS*4I33J3 NI SNODJLJDe
(3INON)IEQ0 LNY (XYH)ISZTS (SSIINNOIINIT (Z2)IZINTALC (NIVA)INWYNGLD3443 NI SNOT LGOS

—_ . CE2SnYvH L i . CN3 S$160 NS}
022SndvH 21°G68°2Z1(13541)04) 206 S1€0 NS
[ AT 1) 29dX N 1=d%3IInY O8BL €160 WS}
0 02ShyVH 2/7d%X3in=dx3 Ul 21€0 NS1
el . COISHHVH N o L . dXIVANA{FIANT=(FFIAN] 046 . 15£0 NSI
081ShaVH dXIIRIC=FT 0960 NS) [on}
OLISRHVH dX3tn1°2=f 046 ULO 60C0 NS} —
091ShUVH SX3 VAN = (VL4aXIINTIAN] S0L 0 WNS}§ !
. 0SIShavH o ] IN* 1= 066 0OC 240€0 NS1 <
COISHEYH 0=(1)AN) 90€0 NS)
OCISWAYH I=7 W03 *(1-TV)942=aXIINT pJ
C2ISHUYH 3
e i __ OL1GRAYNYH L . T=¢gX3IN"l S080 NS}S
001ShRUYH 1270 304 *(1-AwW)ee2=dXxIUWN b
C6HOSKYVH b]
CB0SnEVH ZAIN=gX3 U N 096 *0£0 NSI1
0205 hHVYH o X . ] p]
O09LSHUVH 3M8vYL (FIAN] P L3S 2
CSOSHHYH b :
OvOSnbVH INNTLINDD 0S6 €0€0 NS1
e ... CEOSWNVYH o e €971 1Ss(J10T)S+LIIr)Se(r)S2ICAr)IS 0V6 20£0 NS1
C20ShEVYH : 4301 er=0¢ 10€0 NS1
O10ShYYH €~ AIN=DF 00C0 NS
000ShHVH dILSC*ASYIF*d3LSr=C O0v6 0C 026 6620 NSI
CHSOVRHVH . i 026°0256°0S6 (d3ILSr - L1SVIr) 4] 9620 NSI E
CBOVRYVH 2dIALSe - In= ISV 4620 NS1)
OLOVRHVYH (VA3IHLISCO=(1IDr)S 2620 NS1
096t nHYH A1CF=AN=1DF $620 NS1
o _ CtseeROVKR__ e i o GVA3HIINIS=(JIION)S ¥620 NS)
0P6YREVH 2/7dzASr=3100 €620 NS 3
OE6YWHVH 41Cr=¢31SC 2620 NS}
CZ6vnHVH d345r=2d34Sr 1620 NS1I M
B N oOtevryYH - *2/VLIIHE= V] 3HL 0620 NS1
006YWHYH iN*2=1 056 0Q 6620 NS1
06U PHEVYH (VAZ+1INIS=(4100)S 9920 NS)
. 6015 ‘661°068 3I1vQ _ G30NILIXI H NvRier 0Gsg /S0 WYY H (62 3INNF) ~*€*2 T3AI

ik i e Rk s S




s

,
€12V 121 50M0BE) (S901°3VI=1)Z010A £000 NS{
1-171SVI=T4SVIN €900 NS|
242CIF=T174Sy 7 1900 NS
, WNVIUL=(F*242CTIF )N 0v00 NS}
: ¥NVIGI=42°243C " )INL T 6£00 N§ ¢
| ¥ WNVIAT=(E*1)INI T 9£00 NS1
3 WNVIEIE (2% 1IANT 1€00 NS §
. LOUOUE=(14Z4ICTIFIINT T €00 NS}
4 €47130r /7 (NIWNF -X VA F 12301 S£00 NS}
. HOMOBT=(1¢1)3NS $€00 NS
3
i ONIINIYD 804 3INITV V 3¥vaINg 3
NENL3Y NNV CI®XNV)d) ZE00 NS}
(SOYOMN*I=]® (1)A ITLY (FCOT1* V41D LINA (S °CI°MecIN) L 0E00 NS)
. (SCHOMN*I=1°(1)37172) (20CT1°3NI1)I1IuM (O1°0I°AdINIIT 6200 NS}
. (SOMOMNS 1=1° (1D2-24180 (1001°3T041)3A1HA (903" NaIN) I 9200 NS |
(SOHOAN®T=1*{113°111) (0+CI1*3VIJ)IAINA (9°0Z°AcIN} 3 200 NS)
14 RAIN/( 1-BYHON) = SOUOAN 5 £200 NS)
¥30v3H INTNG 2
INNIINDI 001 2200 wS1
. _ ) (Ur T)AVAVEXNY) IXVWY=XNY QG 1200 NS ) S
. - CUT* ) AVWVENWY ) ININY=NA V 0200 NS} N
JZArPXYNFONINF=r 0 0Q 6100 NSI <
301 xVNI*NIWY=] 0S DO 9100 NS1
023° 1-=xWy 2100 NSt
- 0Z3° LaNw Y 9100 NS1
001 01 09 (NIWV*1D°XVAV)IL 100 NS
NInV=Nuy €100 NS}
L AX3VNAISEVI=INIAL 2100 NS1
- - R - - XYN V=)0 ¥ 1100 NS 1
b
AYYSS3IDIIN =1 *2T¥IS 3
1371 41-2x31141 0100 NS}
Z76S/%XvWIN viva 3
701/8dIN viva 6000 NS 1
/E°29C*199/12A31 Vivd 9000 NS§

/ HIZXNVIBL */eHI/u0H08T ViVO 24000 NS
/eHT® HISH FMISZ AT XHT® HIeg* o 4
OHISE*aHTI® JHT OHTCHHT*—HY* "HI* HI/SHVFZ] VvivO 9000 NS
37111 NOIS1I3td 376NOC S000 NS
(02031184 AOISAINIQ 4000 NS}
(RIAr *NIOT)IVHY (O ) TIIAZT(C 2ZETIBNITI* (E40LISHYHIT NCISAIWEQ €000 NS) :
AVWV*Z TIA3T k)
(HYHINS SR LK YWY O NEWY S V3OF XY RT *NINT ¢
- - T T T4 301X VNI CNINT *WIOPCRI0TCIVRY P IIAZWNIIVISAT)OSABND 3N INONGNS 2000 NS1

14 WAL WY3LION 4SNVON DV =z uXON ANLISOD LVWHOION JVYACR 1DEF Q0 NDICON ISITON 3103€3 IDNN0S
. (INON TG00 LAY (XYW IZTS (QCHINNOINTT (2)37IWI1dC INIVHIIWYN 123443 NI SNODLGC _

SSNOIAGO 03AS3NOI i
INDC)  *g°2 13T

L1°46° ‘661°08 331v0 QICANIEIXT H NVERLY 09¢e /S0 tes




E1°46°

e R [R33

XVYWX 1§

SNINXCEr®I)SHYMDS (CZ01*311 41032148 (A3IV°0OI°F ONV*0°L19°X3 111041
A3 = G2V OC

(1)°3A3=Ad4

VITICININX=XYN X

NAVALARY =XP Y )Is (TIAIINDIAVOII/ZT -0 JAVCI9=NTIn X

IZA3N =] 002 UC
(TI3AITIN) AVOTVI/ {NWY-XNY )=V 130
(0101°3713 41311 um

{ SOUOANS I =

1 €113 171 (ECOT*3VI45)ILTIUN (S°DI°AdIND AT
(SOUOMN*T=1*(E)3TVITE) (ZOCI*D ST IFIEIYM (OV°DI*AdDIN) )
e (SOMOMNOT=7% (J)202) (1001°3 N A3)IAINE ($°CI°RdIN)A]
(SONDANS1=3*{J)I 211 (OCCI*INU41)32188 (9°DZ°AdIN) A4}
AOIISNHOSNT 3I¥DS ENITVIVYL AnINd
T T T T T T U T3 e v 1210 4Qu0BT ) (0201°3114Y) 3010

.awoaon-uz_anmcqu-.u-
o T oo o T e . 3NNTAINDD
Xy 1=111

SEINCTIIINTD) (0903 *IVISFIZIINN £1*IN" TN ANV 0° 1V X315 21 )3 )
t

!

SENCI FIINTT) (0901 VNS IIZITINA (AZV°IN®INANY*0°219* %31 35
XN
SCINCTIIINITY (VSO INNLTIZLINA ...ou.;x.oz<.o.-4.xwu.m“ 3
b ] =

SEIMNCITIINTIT) (OSOT*INIIISITREA (ATI°03° N"ONV 0°19°xIV1 51141
INNTINDD

3NN 1ANDD

LS2E €3 €9 (ONVIGI® AN ¢ NN IINT VD ST
T4N-114S v I=X »

I4SYI* 1=® OSE DG

A3V¢ 123 GOV 00

L el S
- -

"NOI11S0Od INTHD 1SeY (NTS

. SNNIINDD
ERATVISUYHII= (NF IIND
PONATV* =X 0CC OC
CIPIIAZI2MONAD Y
CEIDTI3ASTI®AINIONYREAID

CISI3AIIN)ONI W=

(13 )0xXVYN=TY

SIS CNIAIWNI IVETAGENNY-XNY ) ZENNY-(rT* ) )IVNY )=
1er=0

CJAQC XYNC *NINrC=rr 0CE OO0
2=r

1=A3 )

ANVIGI=(1T*r)INI Y

TASYIN* 2= €S2 OC

7303 °XvHISNINI=] 00% OC
QG3ICNIALXI H NVRlL- 0ot /S0 B 2SA3d9

‘661°09 34V0

00y

S
oSt

[X13

0s2

£41=11 062 04

Vuy v

Vus

2600
1600
0600
6800
8800
4900
9900
%900
€800
1900
©400
4200

9400

400
€400
1200
6900

4900
9900
$900
€900
900
1900
0900

Sy 00
*v00

t€s 3NNr) a°c 2

NS 3

A-21




L eA .

Q350 10N 390D 40 S3ILAB N08 ’ ’ ess808 NOLAVTIIAWOD S0 ON3 eesees
G31VHINIT SOIISOAOVIQ ON €SI11SERVSSe

o TTTDSAINO= INVYA RYEOONJANS ‘OvaY = 371¢€ pyuhOud *011 x SAN3WILVIS IDVNOUS #SDJ11SIAVASe
¢ 13 nt] WHILON FSNVON DV zIMXON AN1SOD LYWHO:=CN dVRDN 13EFE0 %D3JO0ON 1SIION S1C2E3 3DuN0Se1D3443 NI SNO11eOe

o T - (INONIIBACLINY (XYNIIZIS 1CC)INMOIINTT (2232 TINDRAC INIYNIIMYNSLDI443 NI SKNOTLeOe ~
ON3 6110 NS1 ~N
_ (IVZEL*XT)IVANOSd 0400 9810 NS3 L

- -t T - T tiv2et SeHTI)LVYNNO4 0901 L4180 NS T

LIVZEL°X1)AVYREOS 0SOt 9110 NS

(IvZCI*0+1)AVREDS S0 G110 NSI

} _ (SYe2*X1/1-1)2VAN0I E£901 »110 NS

h B - tOTvZEi* XTI /Z1H1)AVYNNOS 2901 €110 NS{

(oVOZ°XT/1+1)2WWHO = 1vOl Z110 NS1

(OVOZ*XT/TIHIIIVINNO S OO0l 1110 NS

- . . (1+1)AVYWNOY 6£01 0110 NS}

T T ’ CT (Svexey CeF1)AVWNDa OEOI 6010 NS1§

19°C13*%G*9°G13*XS*IV* xS ) AVWHO4 0201 €010 NS1?

(X1/S3DONVH ONV SHZ JIVEYHD FTVIS-ASUTCHZE*OHTIIWVWWNOS O iO0T 4010 NSI

(SYe2*0HT)AVYWEOS E001 9010 NS

(OIVZI*OFI)IVYNNDS 2001 €010 NS1

foVOZ2 0r101VYNUUL 10010 9010 NS|

(SYO02Z°0-1)AVYWHODS 0001 €010 NS}

. B eI 2010 NS1

T - o - T INNTINDD 02 1010 NS

INNTINDD sS4 0010 NSI

(F*1)ISHYED] (OE0N*S 1200220 0m (1*INTF°ONV° 0 A~ *XI T 41041} 9600 NS§

tre1)SHYHIL (0E01*3TFd4) 131 TN .>ua.wz.w.oz«.c.-c.'ua.m«uu_. 9600 NS1I

N T o X
SNIAXS(F*I)ISHYHOL (02013 1:=1)zZ118 (1°03°C*ONV0°1 Xz 141041 600 NS

gt®4s°1 A61°0” 31vO 030N38XI H NYRIRC 09t /SO JSA3NuT (82 INAF) ~°C°2 N3AIN




Q35N AON 3U0D 340 S31AB ull : S9450s NDIAVIIGNOD 40 ON3 seseee

03 IVHINID SO TASONOVIA ON 0S5D13ST15veSe
d3 INYd= IRNYN NYND0ULUNS * 269 = 321S nYRONNd *°92 = SINZN3ILIVES 2DUNOS S)012S18viSe
m.. '= hB1 WHJLION JSNVON DTV ZEXOR AWASOD AVWHOJON cVRFEA $I37E0 M¥IIOCON 1S1TON IICZET IDBN0S 0173443 NI SNOTICO0e
- (ANON 11800LNY (XYH)IZZTS (96 )INNDIINT T (2)IZIWIAAC (NIVN)INYN DT 443 NI SNOTIJO®

H3INYd N 3 4200 NS
m CHIINNGD NUN A3 9200 NS1
NILNND OV *IDNVICYUNI+QI*°0%°0 +
HILNYI CIOIN SN TSNS SWEHSIAW HSIN* 2AHVAVHO 14 AIBDT ) DSATYD TIVD (ASHCd) I1 200 NSO
) HILINId INNTANDD o1 £200 NS])
- LEFLE . . (SAOUIINH,L ¢
LETY -1 CIXZTS OLA)Z® S] SNOIADIVIO & ONY X NI ASIVA Wv38 HEC*/)Lvwi0: 0102 2200 WNS]
¥ 3 ANHd (7521° d31S S1 SIH) Hel®,/)ayw0d 0002 1200 NS
L EFY YT ZA’ZX (C102°iN01)331JuA (iS]Vmo)d] 6100 NS)
o EIUT R L o . . X 2A¢SEVIZV IO I=Z A 8100 NS
. ¥R T-] XQeZXeSEI29I9°) 22X 4100 wNS)
¥3iNde (ZAZACNASONHSIN HS N ABYCVYY)IZZIS TWwD 9100 NS}
¥3LNY¥d 01 €1 DT ({ISRLIIS°HO"ISIVAC)*LION®)S1] s100 NS
R ... ¥dINMd L IXVRAIAY I TIVD (A1SAE e MO XYWL VG* 0 ASIYNd* N0 438 )3 ] 2100 NSl
. H3ANHd d34ST (CCCR°IrDII3LIIUA (L1SIVAL N0 ATN ) 41 0100 NS
H31NYd 14¢32S1=d34SN 6000 NS
¥dINYo /Z2S1C IviQvE SA OVHHIKOZ2/14C7d ViVO d
_ BILNbBd o : L /IINVIOVHYIHOTI/01014 ViVD b}
] H3iNYI /(e21IN) 1S10 IVICYMHBLI/0lX VIVO d
d3ANY¥d /S018vVH ASIVA nysSaAGHLl/ZasSA vivO 9
[TETY Y0 ZIINVIAVHYL NVYIAHS IZAXVYR VIVO 9
_ ¥3ANdd o . ) : /1S10 WVIXYHOT/XXYW VivD ]
MISNMD - /74S1C SA QVHyl YdvIcHBI/AIXVYR ViV d
3 d3ANNd /71510 SA SININOW GNZH6I/0115% viva ]
H¥1iNyd YCERY™ VY3t 9000 NS1
¥ILNYY 1SV INILNACVI L VI XYW E VA ISAHL T * 1S I VARG * AN TV IITU 4000 NS)
. YA ANYd (X1SA®XXVYKR) IINIIVAINO I J
- ENY L. T:] (2)1410V4° (2010 TS (2 )OIX* (OCT IVOI3T 2 NDISNIWIO d
Y3 INHd COOTIAX*UZIASSPOIZINJENS (ZIAXYN (ZIXXYN® (2)CIXNYN ¢ b
A LETUT “(2)CILSA* (OO T )ICVHA® (OO IIASTVRACIOOIIASIVAX®(OFCT)X ACISNINIQ b}
1o tNud EREI R aFI R TR
. 1 VdA N Yd AJUDEANOT *ASYI*XYR I 1592 V¢ *1SIVAD *AIVIG/ IdANYY/ NOWRWID 9000 NS 1
WYdvYd SL1AHSH® IN® JNOSNOSHE JSXC*ANZAVR*FI°2OSHSW *OSHSIB SOINIZON ¢
L1 LA ‘SHILISN*XG*AVA LN0 *SHADIS *ON RO *YOPNY I*HS AN INTZO/NYHV e/ NOWND D 6000 NS1I
SAVabv (89LZCIA/SAVYHENY, NOWWOD 000 NS
<hI ABYOVH * AMYENY ' DIST G DSA 2 °S I NS *XCON 332 MIAT DY 2
2ndN (OREST ) AUVOVYES (YEED 1) AL VCHY® &
P SndY (R21)DSDJ {BZ1)CSLZ24(BZIISI*(E2VIRS *(HBCO I INANITH/ZNI" /7 NOWNDD €000 NS)
Y3LNGd (dI3AS 1IYIANYD INTLINCEENS 2000 NS

¥4 wO1 WH3AON JSNVON DIV -ZUXON AWLISOD LVWHOS4CN ¢VRFM 123700 NDIQON (SITON 216363 3D8N0S
(INONITBODLAY (XVWIIZTIS (SSHINNODIINGY (ZIIZIWTLAO (NIVNISHYN 2433443 NI SNOTSdC

tSNOT1d0 031530030
1 _S1%2S°1  661°09 31v0 _G3UNILIXIT H NVRLIMF  OGE/SO , (82 INOLY €2 A3

- - R ) “ o dide et



d315 SINl S$O11SONSVYIQ ON ¢$3011S8aviSe
G 1°2G°t2 "»61°08 Iivo Q30N31X3 H NVRARCd 09E,/S0 (€4 NOT) O0°E*2 WYIARD




e i .

4 . S P Uy SN R

09v00000
0v% 00000
02%00000
00%00000
Ce6£00000

0900000
0¢£ 00000

10046014 01 Q332VI0TVW $92 14€2431

NOTEASAS 01 C31VI0TW €14 12€£2431

NITISAS C4 C31VvIO0TWwW €SI 14€2431)

817SAE 01 G34VvI0TIWV 228 11£2431)

817d34S 01 CG3ILVO0TW c2ce J4€2331)

10045044 01 Q34VO0TWYVY €S1 €24

CO 2490v18S ¥04 *D07v 19€2431)

/74

$ QG NISAS®°O0S//

(€2T19=3ZISXNTIGELT=TTD3 " *vyBI=Wwd4D3¥ )=8D0 XX
$(3STUCS2ENULI=IDIVAS* INISAS=L INNC*Y=L1N0SAS ~ T1OFf NOIINLILISENS 3€59431
SIS *HdINHYL)I=IIVAS*LNOSAS=1INN*Y=ANOSAS OQ 100 39018 XX
(3STTYISL°002)°CEET)=3IVAS*VY=1NOSAS CQ 1NOBISASXX
(3137130°0IMN)I=dSIC*°L13SAVOVNIZ=NSO 00 NITISASXX

ETTL¥CI® ISAS =NSQ*(SSVAHHS)I=dSIA - TIDF NOJINLILSEBNS 1£659431
B1T18034° *T1AA3IISAS=NSC*(SSVd® S )=dS1C QO BITSASXYX

AV 1P04® 1ISAS=NSQ*(SSVA*UdHS )=cSIC - T1DF NOILINL14SENS 1€$9431
NYULB0I® * V1TAITISAS=NSO*(SSVA* ¥HS) =dS1IA 00 €61 W31SXX
NISAS=3nYNGQ 00 10034S014XX

YOS =NOIDIY*6ECI=SRT 1% (IN0OS*1TI*S)=ANGI*HICYITI=NOd - 1O NOIINLIASENS 1€£$9431
02£00000 SUA=NCICZH*CLII=aN] L1° (18041 14S) =CANOI*BIUVOTII=NDd DI X3I 09X X
90s¢ 90f svi°g Svi°f
1NNO3 O/1 8or INFCS €71 d34S 3Wll Ned ecr awlL ndd ¢3S
¥062 ¥0G2

a3sn 3¥05 NOILVIOVIV NOI®:

*SMOVEL OF CZMINDIY *S3IAO9Vd WLIDL 2 03iNI¥d INIMDSAS  FROENDD

*2VCSAS =SON ¥35 TOA 1562431

G313730 $000000S°23v0vI8S*0COAN*HSH G121 *66108SAS 16682431

*2VAQSAS =SON ¥3S 10A 1582431

NI€AS $000000S°23v0v18S *0COAL *¥SPST2L *66108SAS 158243}

*EV(SAS =SON ¥3S T0OA 1582431

LN0SaS £0000008°24v0¥ 1€S *000AS *¥S95121 "66108SAS 1582431

) o *2VASAS =SON ¥3S J0A 1582431

aaizI=c 2000000H°2490v1ES*000AY*¥SYSI121 *66108SAS 1582431

*£V(SAS =SON 43S T0A 1582431

a3 17730 10000008°2490%19S°0COAY*¥S9SIZL *66108SAS 1S82431

*1vQSAS =SON ¥3S 0A 1582431

a3csve 13SOV0* 24900 18S *0COAY *¥S9G 121 *66108SAS 182431

*20CSOV =SON ¥3S T0A 1582431

Q3sSve . NVH1HO4® 1SAS 1882431

0000 300D CNOJ = C3LAND3IX3 d™°S - 12%1431

A-25




* cxAs8H}
* 502
o wldrud
eGivYNCkL
L] ANzd=
* AONUISODY
*c3E55C01 5
W1t J30M1
$adnBIAhI3
* (SvQEL3s
s #5D011CH
#1lex 1 aCH]

YRy

Jr¥N

& cXSSOHT
* NISSOM)
s lexd830H1
* LdONOKHI
¢ MZ1d0HY
LIl NalaFlst 3]
= #SO014
- MSSIN]
sdINDIADS
s 2HNCI0OH]
*  #nDIE1]
Yz iNYd
SAYBRY

SWYN

849241
Taav

0D8e=INVN ¢ ZCEAITIZIS*NEIION®SIE*TIVI* LZION AW ANT U ~ a3asn SNOIteC

sssbrasBsss

Nicegmt
Jur STy
ATNEM -
Vi HUME
ZERICHT

¥w3ICYOY Q0Af - C

o
W
w
W U & oo

*2S 0

- > st b - ot 0 o =

aeve

gevelt
savill

¥yaoay

b4
NTS
1808
g-N\Qud
=O840+1
NORYY I
SINDZIONIT
sHILIMSICY
ed ACO3ADd
] BENDIOC Y
o B8cy0V13
eHRDDITM)
WEYH

AV 3a

3NN

[ XXX X J

FIBCRP WP

0109114
8L 105

v vl
L RE AL
g2viel
otd0e
0=34€18
ot Akl
24 F e
0622C1
Y8adC !
VG OEN
od¢uct
agevL t
BOVLIE D
o091}

¥aQyY

SS3YGQY AYINI
HASNIY ¥303

¥y . da%3
Y & SOJSSH]
0S $1u0SSON)
CS ¢ 13mWNQOH]
0S eMO¥AION]
as ¢ WHYIOH)
as #2SN1I0HY
Y o MLl Ry
84T €dinOlADI
0SS  eHIAISOR]
By S+J4BSANG
¥y o sldudd4
(4 NdiNug
os LAAL]

3dAl  INWN

A-26

das:

-

A



CZ-20dSNOWIIN

€12€0°0

= YHdY

v0-300%°0 = ONZND2
SNOUWDIN S9L6 *9¢ = INI2C
- — . . . - SNOUIIN 2209°%E2 = NIw2
o‘L=X Oh3?
d HE{INW = 928

CyexvNi~€ s ASALIGS 1S ISIVAC k=ADNDGY O BATETIeS . =4001°8  =DN)ZONQY S YEILN
000000D *¢9 =0avyiINOD* 26666661 z¢¥0Id* (21T XYL A =0N * 0000000°02 =0¥* 210000000 ° ﬂl.‘-ﬂ“““-“
0°s<

— e = _ - I o e 0000v°t
oo Oﬂﬂ
0°0 0°0

- [ - R . - . 1




'P_ e e a(cy

REFND X

CEOEO SN S LSRR UNE S SEBERSERE X LS K P X KA K K KSR S RS KSR S S ES S v R EE EE S K EE SRR %

e~ ~Fttte bt tor——,
ERATELD 2 FSEFENLETIN
ot ENEKBUBEELBEHLEHERY X ¢ o
cHEA4XIGIGABDER . JHBEBUBIR T,

~* 4 XGPITDROVBRLDUNSICIBBEXN &~

+*REGURUSONINSBUVLUNERIEORSLCEE X ¢
«t AKBAGONBUNOINGEGIBIRODEBEBHATK ST .
A/ RBALCSUSLSHNEAPRTEIISHATENSBRALLKN ¢+ .

+ /%X PHVBEVENEOSMBLUNVAREIBUBBUREBYBL Y+
+ARBOGSRNANEAANAIUIBVNTELEVIEEIB0A8AL RN+
~¢RECNBEEESAGOLEDTALLINTTIDOTAIN NORILX -
BUIVEEEEIDIVEORBENNESENLEXE,

+ VDU PSBPNBENSREANSEOIC IJGINGRSBOOORENIIB Y+

«HRAGOANINSRNOCBIDENIIIDIVITITEOROCORREEINLLEF.,

+ #COBONBICRELEND NENGTCILODBRNENOBANBEBU LN
+HABEOSS VIS ABBNRNEVNDNCUSORGOTOIRANGRBONBDLERE.
-~V ¢O080RNERNGESISBRLUINBLINPEUIANESSTAIDOBBBEDNLA -
+RO0COODEPNECSEENARBIBTARF T INORAUNSOCOLIVLABB UK+
9SS UIGRED A AS0UESEN AKX,
~#ODGV0BC AR EBANIREATIEOAIUDSEDAENNNS0IERRSBLN -
-~ VEOOGOSUEORRAABIANDUIBUGNSACSORAO B DUSSUBEBIL ¥ -
+ A R0000BE SRS RN BEIRNEAITVSLE 088D sBBNL
+ NV Q00ESHTOREPHRINRBIIBIEIUT AR UENSCABARZNDOSESILX
+ RO N00NGANE IRSHNANDEILEEIIGTCTOITINEERSINENBULK,
+ 00000 NRSLRBICOERDBBNUSIICGRANSIVCESNATSRBEN S b Xt
+ 20 UG0S0 ENNE RS PERBANBHIICROBRNITPAIEAIENBSIB XK
+ RO COCRANSNPEEUNSOSIEDSENR IS NEDORAEPSASICESBNADK,
¢ 70000CNENNDENNOESOBACETRINESUNNATIBIERNINLBABBUL Y
- /0NO00C RN SNQEANAR0BTINTERENGEBECASNDAEANENL 4 -

+ERBFINNOLECRSRUNEBRNONER OB K ¢+
~¢fXNIROERNCINIBUERANORFR LY x~
XA RKHBHUDIRIDEBVAL2NBABKNE ¢
CHENERRBHORELLBHHBRRE TR &,
e~ CENUNARARBRY IR~
em—t bttt G L4 ==,

IEFFRIFNEFEFEFEENELEE R EE SRS R R A AN A A S AN R N E AN R RS RS ENESERSESEXSERRZES:.]

PR Y N arerer g W F R PR EEETEREER X IR NI W N N R W W R SN ERE R R R R R R




[ 2 B 8 B 4

SREY=-SCALE CHARACTERS AND RANGSES

THIS IS STEP

SuML

SAGRR R |

0.486077T0E+0Q0

0.145928F+01
0. 1461 35E+01
O0«146342E+01
0«186550F+01
0.1467S7E+ 01
0+146964E+01
01471 71E+ 01
O«14737AF+01
0.147585€+ 01
O«147793F+01

o

BEAM WA ISY IN X AND Y DIRECZTIONS IS

SUYR

CESBEE S P S 2 S SRR AR SRS SR RE S EE S E KR SR R ER E XX LS 0E S EES S 00
REFND X

0146135E¢+01
0.146342E¢01
0e L86549E¢ 01
0+146757€E+01
0«146964F¢01
O0e147171E+01
0.147378E+01
0+147585E¢01
0«147793E+401
0.148000E+01

0.5139230E¢+00

19.99481 19+ 49631 MT CRONS

LE B B

(XX R 22 R 243




CSEEBE SIS ESCERE R B E ¢ KX K S K F SRS S KN KU RE R SR PSSV E PSS EBRE SR RES KN

A X EIEEZEIFEFZEY Y x xR A A R A E A R R B R AR A X B AN A NERERENNENRHERRNZEJNXX]

IRRADIAN

9 G 00850000000 COIPLS LSO OTS S

PSR OVOINIOEIOGQORSETT T - —— seevs eav0anssoe
®e0 G eRBRNEs T T e - ——— ®e0ceevo0s 0
® 090 0R OIS PTTETTIT,mmm- - —m—————— s e eeecs e
00RO PP TTTET IS T e —- e —— m——————"es sssasce
000scs sttt bttt bttt —~-—oeesscses

0000008~ ——=—4t+tt Pttt RRET L4 $ ¥ F b~ g 000 e
000000 s—————t bttt REREPEREEE R ER LS E S ~—mmmgq 00000
[ERTTIEIESI LR R LR S T TS T R Y Y R Y esev e
€000 0e—~———¢tt B RLRRS N Y NHOINSHVEERE KRGS bbmmmme it aae
o oo o= Sttt XN CRNUNUNBURNNNNNNNERERL $ b b coes
eve e ettt tERERUNINNIRARRR AN UNNREEE L4 b b=~m=gqas
ccecea=—=¢+++EERNYNEPRRREERRRKKKIVN VNSRG4 —mmy g
0000 o=ttt +tAXT FNFURKRRRRRRRERXRE NN S A HERECF ¢ b=~ 44
00 a0 o= —— ¢+t FEEN N AKKR AR BDIPNDEBBREAXXNRSMYREE b b— -~y
e 0=ttt ¢ XX YR XKL RBOLBOLHOLUBEBERARKRKAN NS XkE ¢ b mw—,
eeee~—=—¢44 SRR NN ARRKOLBLULBRECALEEEBEX XN A EKE ¢+ btm—m=y
00 eo~==+++ S0 XY ANRRADBIBAIINITNAURBEBRXXS EXEEE+E 6=~ =~
e a===— 4+ 4SS NN NXXRODOOOIDAKTDILLROUOERARA NN EE ¢t b= =
eee—~=—— 4SS E N NK REEEERBLEBBROPRrDOLIERERN KNS S ES - ——~
eee~—=0¢tSEE AR XQHOLOIHO
cse=——S+okSsy FNRK COBRLUBE
e ===t t¢b el AN AR CHEBIDIDODODDDOOOBUTIOEBENF NS¢ 4~~~
cee———=4 040 %F FRRX CLODODNS
ee=—=—t bt e s PN AX BS80S0
ee==——¢+52 X FAXX BELOBLBIIDROIPVNOINIFIVECBRRAN AR ER b= 44
ca=—=——4 ¢SSP NERX ELEIEIONDE
ce—— == ++L SN VKEX BUOHESDRD
o= 4k N AR X CHOBUIDIINOOCN00B008TRBBRIRINIESt b t---~ g,
ese=—=++Eey SVKX COOUDEIND
s === ¢+RSRNHEX XODDUIDSO

ee ==~ ¢ 4R RS A Y HX XUCEOBUOLBOBGOEIIRTIBEERR VYA NSE 24~~~
00 e ===ttt FF ¥R KABIBINYIUSONABRBEODIRRARE KN ER ¢4 =~~~
0ace—~— 44t AR RAUARRRBLEUONBIBUOBDELERHEXRVFNEE T ¢t b-==,
000 e ==t RN N NAAKKBEEHOBPOPUEHBOLHUXK K KRS ¥XE L ¢t b mm==y
00 0 0e——==0¢tERRNANRRRRBUHOUEGE CHEDERERNBANFLE S ¢t b——a—,
0000 o=+t S0 NNARRERRGDBDVERARFRERRXFINVSEE LS b= q,
0000 o ==ab bt t e PN I ARKKKEAAKEREXRXEKN S K HEER S S b mmm gy

®® s s s 0esss LR

Seseoevcso ®ePOGes s

LA B L AL IR 2% 2 B 2N N 2N J

SO0V PBEBRARR AN E R Er ¢+ b~ =~
SELRAAPRARRNF IS E X ¢ ¢ - -~

o
.e
ve
BONSBEITOIRRN ANk ¢ b= 4 o
DOOPDEITIDPURRARAUETE L ===~ 4

PRECEOENIBERNRI I EFE b b m- =g
DOSUORNTIVEERABSNE L b b= —~— o

ONODPERBLREPRR Y ¥NEEG ¢ ¢~~~
BNOBBOBRBORRNNNERXS ¢ -~

* e
. e
e e

o6 6 2 0 000 0060 ¢ 040
. .

s

® 0 06 8 8 0 06 0 66 660 066 06494620

R N IPWREUEREEEEEIEEZEIEEEEN R E R N E I K R B'I RIS WA Iy 3 I N NI 3 I N L O O I A4

® © 5 506 9P 0000 LIS GG e sas s

A-130




v

S

*®
®eoecso0eesecocse &
. L 3

*

*

LA X N X3

¢S E2E e 8RB EE R CE S SRR L E S E SRR R R NS E SR SRS EKEE & EEEEkEEEEEEES
IIRADIAN
GREY-SCALE CHARACTERS AND RANGES

045976 0AF~-02 0«105378E+00
- 0105378E+00 062047B1F+ 00
- 0.204781F+00 0304183E+00
* 03041 83F¢+ 00 0.403585F+00
- 0.403586F¢ 00 0.502988F¢+00
’ 05029 88E+00 0¢602390€+400
» 0.6023905+00 0701793E¢+00
e 0.701793E+00 0.801195€E+00
[ 0.801195F+00 0.900598E¢00
[ 09005 98E+ 00 0.100000E+01

THIS IS STEP 1
SUML = 0.4859293€E+00 SUMR = 05140707E¢00

JEAM WAIST IN X AND Y DIRECTIONS IS 19.50356 173500948 MICRONS

A-31




Voo

IRQAD IAN

CERREPE LR C L ER LS C O RS ECEL EEREREESE S S S LRSS LS KR XSS E S KS SR G EEEEEESEEKEE

I X R R R ANEA AR RN EREEREE R EREE R EENEEBREEXEEANENEEESSERESESEELRNEEZSNZSNRNEZSSNHESZ]

*e®osscevesn
S s e sV OO PVSsCTIOSIOIRIRNOEE
® 2095000000 9s0 090 eVESsSOE,

G 00 VD OO TP VSO OSSO PP TONIVSESOO SN
®eessssesves "o @eevoon
SO oee® e L AL B B B BN
LI S )

> o9 0 O oo oS e *® o 00 o
®eeccee LI it - — - ) LN I
esveose o —+INFRRRRR HHE+—q o eeese
evsve e+ ¥ 4 KDATHEOIVIVAIDBRNE +—~, seve
secve e +*KBUBSLUDLOBLEREGRBRAK S, sv e
evseew o=+t HDBDEBIEAERI+ +E2¥RBVIRBEE—, oo
ceos e e~ SNDUHRIEI + XXX Yt 2+ + X FRBPROX ¥~ .
ese e s ~CER QBN LN XDBYVXKBOEK NS+ ERDAE~,
ceveoe o— CEBB KE+SKBRANNNIRIANRERE ¢ X RBBL €~ o
esse —SRANMR ++ IRRIV N RBEPDBH IRV INEK N ¢+ XD & —
sesee et RBOR AKXV A KEBHAXXKKAKEEK Y KXE+RENR 4+,
seee dtVBOR+EEENNUOXKGECOELHORRBB VAR +RDI st
eses ks I F AR B R RS EETTERET LIS SRR AT LT TR
ee e ot REA M MR ¥XKIKIIHOBAROBACHSABXEXRINF+ K IERE,
ec e e «FEBK +E KN FEKGHBLUE LB EREDPORCHBRABIIREER YD &,
XX e—NBR N+ REFOREBHBTAIICHITICHNOBODI BB+ HIN -,
o e c+RBVE D VX BXPJIUYITIONATOGBPRCRPIXGEX ¥ LF =L IR+,
oo o SENDBERBIX I+ XQL & —
ecs e ~— G0N+ REYNDEVBOUIVGOBBONBUBBECCOBBERN ¥ AR+ RSN~
eve e = ABO**QIXX FHENCEPDDBOOBACRPPRBBEBX R BRI -,
eoo e o= REB* - BI/NXCCHLUOPNSSOSBAPRSAPEORERPLr U SHER~,
ceos » — NUEB+ *BYEXFEDIIGRANAVS OB SE PRIV BOXPI B +BUK-,
ecece c 4 RBB+ KR AEX PALUUONORSBBROLRRSRPRLERERY Xtk +,
ss0 e e— NEB+*BICX BEAJREBERSRPOC I EBRCLAEBXEGI G +bB K-,
soc e o= NOBX*BIrEX EHSROD BBPNACPLRDEIXNMIUE UK -,
ese o - FBE*SPDYAREHEIOO8HE SENCABOODRBOX RV LX*BIF—o
ece o — 0B/ RYAVEAADOEELBODOIBASPROROEBERD YIRS IO 2~
oo o ~SBOX¢ ¥EARRUBAICOGRVBERERSGOFCHRERFR /AN - XALE —
L) o *RBE* B X EX DHBIUTIDY PRIV RARAKBEEHLIR ¢+,
eo o e—NBB F+ XX ¥ EXBUHERBOSBOARVBECLOBERBA XK - BB — o
es o cHPOX +EXN N HXELBHDUDYNAE DR OLEHEN RBLIEE +R I D&,
eces «FRBR VI AR IRBUR BUBEIASTIVANICABRG IR AN JE NG,
eene — RN+ K EVXIXNKBHABIBGIBFBRXPK NI KK ¢+ BQO*~
esse ctABBKtSAKNTHEXX HOHOEDBOE X REGV VKRS ¢ RBAR¢+o
sevoe et EPRR+EXRIHABIREXRRLIRLBDENIRRECLRGIN ¢ o
seveoe ~EROORI - VRE VI XGPEBIRNEN AKX S+ K OB ~
cocsoce e~ FHEUKS LU KDRANNNNNNNIEBRE + EROBROE~,
sses e~ ERREGHL++IRIDARBIBRE IS¢+ HVEBA RS~
eeece e~ CRBTBR B+ ¢k NI+ ¢S INGENKE -, .
eevee e —+ABANAIKY L2+ ¢+ xx ¥ REBOLENY -, e
eesase « tERBHORMNBBLUBEDTOONE R ¢ ¢, ev e
ssocss =+t NROPBIABDIGABENE ¢ —, soes
v vsoe o=tV NBUAKAKKINEKEL—q o seeos
eeceene e - —— $-———=ae seccoe
eeen e eeeccnse soce e
evo0se e seescese

® 6 s 00 0000 o o sse 000

...... * e @0 a0 a4 - -

A-122

o o 0 0 e
¢ o 60 0
® 60 % 0006008 00 0000 o0t e

e 0 0 600 04060000600 00000

® 0 00606 0 060 60 0600 0 000 0

I EERE R NFE Y FUNEFEEFEE NSRS EESRRYNRFYENEEEFEREREESREEERES R R AL RIE B




® SOV OOO 3000000 00O e
0 P OOD OSSOSO SIPOPOS SO OEC Y

®
*
- seocececsssoe L ]
%
*®

LE A X W 3

“‘.‘Ctt‘..“‘0#‘0#.“ttt‘tt‘t'tt““#‘t}ttttt.tttttA LESER SR ERERE
fRRAD (AN K
sREVY-SCALE CHARACTERS AND RANGES

SGORMre |

0.585011E-02
0105238€+00
0.204626E¢00
0304013E+00
0.403401E+00
045027 89E+00
0.6021 77F+ 00
0.701565F +00
0e 8B009S2E ¢ 00
0900340E¢00

0.105238E+00
0.204626E400
0« 304013E+ 00
0.403401F+00
0.502789E+00
0.602177E+00
0«70156SE+00
0B8009S2E+00
04900340E+00
04999T728E+00

YTHIS IS SYEP 2

SUML = 0.,4851605F+00 SU¥Y = 0.5148394F+00

1de 72498 MICRONS

18.72375

3EAM wAIsT IN X AND Vv DIRECTIONS IS




= i A w7 - b " iadaibiiand e et VI VRITI . 4 L o - O 2 5 .

-?-(/u;
[ IRRAD [ AN

| (2222 A R 2T A2 R X 1 22 Xt X R 2 X222 2 22 R 2 2 23 X AR T RS R YRR 2 22 1 R 2

oo s e 0eoe
o= tEEANNEE =g o
e—+ARSDOBBIIIEGRN -,
et VDRBBIDIRRAXDDIBOEN ¢+ .o
e ~SBBEBY L c oo s HHBBRB *—,
o—'...'o e e .‘...“.
e 1BBK~ Jttbtitetties, -KBOY¥-—,
o= HBBN oo ¢+ CEREESFRE b 4=, ,ABB¥-,
I FPY XY FIEEIRES RN R R YAy I 1. T 39
I I FPPRIAFIEEPT R R S 3 R Ias ¥ [ 1
~HBP = ¢t E N ==t E AN R R ——F R b ¢ - DBN-
et HEN —4EN-¢s RS E+ kR ERE~NF %t~ HBB+ o
e BB oo *HH-tEEE LG CEF L ETEXI—F 44, BB N.
~ K@Y LY EREPERUNNN TR N HDR~
PRI I PR T ESEIIFFEEXRS YN 2R N E X INY TR N
NI LPREIISITI NS SN IR R RS T 0 T TN TR 3%
I PR REY AT IS Y NI FI LN RS YR P ¥E N
Y P PSRN TN RS FIII RN RS FRRE T 5 Y 2N
A P PRI N RN YN AN T LN RN YR NN YN ¥ T
N PR TSY RN RN N2 LN ERY RS RS T 5 ¥,
I TR NTEYIYFIZ NI ER LN RN Y ERY YT TE I
2 I PRI SRS FYEINIZSEYE RS S BN 3 X AL K I
YT IPRSFERS I EYY ESERR N TS 2 TR L YIRS IR
—REBN FIN -2 RPN NNELEER— P Ad NPK-
NPT oo ¢t 8- CERESLLIC L IEER G- H 40, BBN,
e tBEN XN -2 LR LSRR EET G- k+— NFPDt o
b d I PRI N ER RS FIYY Y2 RN § Y Y 1Y B
e tDER ot tENF- bttt WKL+ o FBDe,
TIPS EIIT Y E XX RNN TN LTI T 1 1 38
e~ NB BN oo~ ¢t EXFRNBHEE G 4=, , NTTFN-,
e~ NEBER- L44¢E4teers, -NBA¥-,
o~ NEBIN. o - L) -GIIOU-.
o~ SPBBIN s c0cceat ¥OBOAR*-,
ceoe *NHOBPOBRRZPOVAAAY ¢+ oo
e~ ¢+ ARLENOGESBOIOREKNG -,
co—¢tFENUNEE L~ 4 o

oo sTovace

B AL E AR T I EREREERNEERE R ARNE RN R AR R R YRR R R R R R RIRNRENENE R RXE XX NEX X XN X

L

*
*
®
.
*®
*
*
*
&
*
*
*
*
*
*
«
*
«
*
*
*
*
*
*
*
*
*
*
*
*
&
*
*
[
&
*
«
«
[
&
&«
¢«
*
*
®
*
*
*
*
«
x
*
*
L
*
*

&«

»




——

&
&«
[
[
CSEFREEPE 80P  ¢E SRS EL RS FE LRSS LS EBERE R EE SR AR A EE XA QGG KL - SEEEEEE SRS S

-
*
*
*
*

IRRAD I AN
JREV-SCALE CHARACTERS AND RANGES

(I T F IR KNNI

THIS IS STEP

SUML = 0,4817133E+00

0.323949E~02 0.211144E+00
O«2111434€E+00 0«419048E+00
0+419048£¢00 06269S3E+00
0.626953€+00 0.8348S5S7€+00

0.A34857F+ 00
010482 76F +01
0.125067F+01
0.145857E ¢+ 01
O0+.166647E+ 01
0.18743RE+01

3

SEAM WA ISTY IN X AND v DIRECTYTIGNS (S

SUMR

O0es104276F¢01
0+.125066E+01
0.145857F¢+01
04166647E+01
OelR7438E4+01
0,208228E¢01

0.5182866E¢00

A-35

18.07376 18.27398




‘ ;ﬁ‘l(n%
§ {RRADI AN

{ CECRECEE S REGR IS ROCEERSE RS LS EE P S H RS E XX K CE R AR RS G EFE S ESEEXEE SR E %N

LA N J
0O S0 909 00 e
L L AL I B B I B N N R g

§ ee LN B WA N NN BN RN WY W NN ]
LN NN ] L 2l 3 B IR N
® sevee sev oo
LN Bk 3 oG ov e e oo e
[ Zasieiatatsinaintestiandl } LN N
[ ettt [ Badiad 1 sev e
*e™a a" e —eo e
*~ e evevsce *=e es ese R
- tSoesn® oo - Teooe
T e o8 oe0ew” o8 e~ o ®oede
- o000 ceeo e ~ e LI
- L N } - LR X -~ e s ede {
- a o olle o o ~e seven
- ove [ LK N 1 -~ e LA L N ] :
- e e L E Y - e csene i
~e 066 oseee e 9o csee i
-- tSe0es svoe - “ese :
*= e coomenssae *" e LR B ]
[ Taad ] * e ~a e
e ™~ [ Dandnadt ] LE XY
[ _Badebetatstit ecsve
ceesesoe e~ oes e
seases
e0see™oe e " ee o e

LR N AN BN N BN AN NN ]
LA K B U B AN B Y 2
L A J

(A XX E R A FERERERIEEENEEEES SR ANENE RS NRERE AL R A SRR RE L AERERE AR RN RRNSESNN.]

L 4
L 3
*
«
*
L 3
*
*
~
*
*
*
*
™
*
*
P
*
*
®
«
*
*®
*
*
*
*
*
*
*
*®
*®
«
*
*®
«
«
®
«
«
&
*
*
*
»
*
*
*
®
3
*
.
¥
*
»
«
*

A-36

e e ———— e -




L 3
L
%
*
[ ]

LA X B K J

(3311133 N CR SR S S LB SN S E RS E R SRSEEE EX SEE LSS EECES S XS XIS N T X2
“} {RRAD (AN
| SREV=SCALE CHARACTERS AND RANGES

S8ONRAURT |

07596 99E~05
0.842067F ¢ 00
0.,168412E£+C1)
02526 18€+ 01
0336R24F ¢ 01
0.421030£+01

0«842067E¢00
0.16841136401
0.252618FE¢+01
0336824€4¢01
0«421030E¢01
0.505236E+01

1 045052 367+ 01 0589442E401
: 0.589442F+01 0.673648F+01
0.67364AE+ 01 0 757854E+01
i 0.757954E4+01 0.842060E+01
!
THLS IS STEP &

SUML = 0.8754750E+00

BEAM WALST IN X AND Y DIRECTIONS 1S

SUMR =

0.5245249E400

17.64449

1704572

MICRONS




{RRADLIAN

CEEPESE S S E NS LSRR EESSUE RS SESCE R RS SRR SRR R R ERXEESEEERCEESES S EEEEEKR A

LR N N XN N N ]
LA K NN B K N NNE N X ]

evseesc e [ EREREE R}
emeee sewe
soew L I 3
X X oee
oo - e ee
eoee esvecce [ X
e oo LI eeoe ewe
LR es e L L X N}
e o0 eee oo .e
L) . e T e 3 LX)
o e o e=0~-. o0 oo
L] . e« = e . oo
e e LN Y oo e e o
L3 W LN LN ) o9
® o0 L] LX N ) o0e
[ X X ] evesses s ee
LA N J L ] LA R J
L X J L N )

LI NN co e
(XN NN esecs e
oevceors esevese

P Y XX I XX AR T R R R R ER R R R R AR R R A AL A SR AR AL AR LR AARLES SR ES
I EE R R R RNFUERNFFINEPTFYIERNSTREYRRRNRRE R R R RN FE R RN ELEEEEEEEEEELSESXRE B4

A-38




e

*
*
*
«
*

LB A B B J

SERCEEEES (S EERRCRESERR RS RS SRS QS S S ERRE RN AL S SR SEBEEE S ECEERECRERE
IRRAD [ AN
SREV-SCALE CHARACTERS AND RANGES

SuBRuSe |

0.247009E-03
0.1530%54F ¢+ 01
0+306083€+C1
0.459112F+01
06121 42F¢ 01
07651 71FE+01
0.918200€+01
0.107123E+02
0122426BE¢+02
0+137729€E+02

0.153054E+01
0.306083E+01
0.459112E¢+01
04612142€4¢01
Ce765171E4+01
0.918200E+01
0.107123E+02
0122426E¢02
Qe«137729E+02
0.,153032E+02

PG5 oty <t Wt e, A

THLS IS STEP S
3UML = 0.4803946E+00 SUMR = 0.5196053€E+00
1743765  MICRONS

JEAM WAIST IN X AND Y NIRECYIONS IS 17.43616

A-39

D AR A SO 11 o e b 2w 4w WA SNids i b Arhre i A AKAEA 1




A ——— b 2 o %t o

O

IRRADIAN

'O““‘.‘....“‘..“‘."t..“tt.‘t.t#“tt..t‘tt‘.t‘tt‘tttt‘#“#‘t‘*‘

TR TF W wm A

r
i

“w DAY 3T R W

)
@escoessosos
2eoe """ "Teo0o e
sSe eSS T000 0
4 H ese———=rtttttov——=gq0
coe~==bSkEEEREEt—~—g 40
PR R d 1 X TP X 2 £ .2 S da ¥ R
o o==tt8~gp0000c00—FE+-—qe
ee—=tE8-gos0000000s~CEt——0oe
ce——8k~gg00e . evee—Ek8—=4
ee——P%=-4e0 s0000se cee—¥t——ae
eo~—%too seeetWNtoeco coetE&——qo
ee=—— 0000 YBBBBBV+osvee—F—~0o
e——$¢E o400 oo..‘.*"lo ee o ¥bt——,
ce——¢8oas o ¢tB¢ - B+, coeFé~—e,
PP Y P Y [ EYRRIE L ol W)
ee=~¢8qe0 otPE¢ ~ W+, seo¥t-~oeo0
e~ +8g00 ¢ oBB% . EMBee oo o ¥t~y
eoe~—~8—000ee tDBBBB¢seo e~ %0
ceo——8tgee ocoevt¥teea coet¥——oo
eo—=t8=,00 o00000e cee~tt—=0s
..—-..-...' L] occo"“".c
ce——¢E¥—gooencscvena~fkiocg,
ce——tEf— g o0 evscea~FKEb—mqe,
eve=——tERb—qgeoso—tEkEdoo e,
o=~~~ tkFREREREE b g g0
ese ~~rnw=ttbtb—rm—=g00

- w ko AR R R TR,

PRrerer S TR R B IR R I E N B R .
-ﬁQQQ’Q",Q}’*}QQ*’QQ”{*’Qp*ﬂ’**’i!f#"Q*I"*”l"*}ﬂ’“{*”

A-40

PO - . R R W R R W JR—




«
*
* —
[
S8 eee RS
{RRAD [ AN
SREY~SCALE CHARACTERS AAND RANGES

0.348578€E-C5
05467 19F¢00
0.109343E+01L
0016401S5E+01
0.218696E+01
0.273358€¢01
0.328029€+01
0382701E+ 01
04437373E+01
0.8920484E¢+C1

QeFRARe e

THIS IS STEP 6

3UML = 0.4704280E+00 SUMR =

JEAM WAIST IN X AND Y DIRECTIONS IS

OB EEERE R S ES R SRS L E XSS XK RE SR EE R EEE S S X &S

=
*
*
*
=

- CEEEREEREES

06546719E¢00
C«109343F+01
04154015E+01
0.218686E¢01
0273358E+01
0.328029€+01
0e 382701E+01
0.437372F+01
0.492044E+¢01
0.546716E¢+01

0e5295719E¢+00

17.47115 1747253 MICRONS




e \
IRRAD [ AN

«00CCEE eSS S S SEOOEEERS RSB LB SR SES S ESEEE RS FER AL SSRGS F K EERERRET X
' &
3 %
L &«
[ &
* *
[ &
L] 3
[ *
& *
[ *
] *
3 L
* *
L &
. .
& *
. .
& *
*« *
* . . .
* . . *
s eesoe *
L L] o ——=""09e . *
] . [ TR X XN NN R Tk ] . *
L ' X ee~ e *
& e~e eecee ) *
*« . e=e ese X e . *
* e~e oo X} e= e _ €«
L] eos oo e oeoe *
* - -~ . . Rt . *
« e=e oo . ee o—e *
. e=e o *0% e e—e *
L = o «B0B. e o=e *
L e=e o * B¢ e o~ e *
« e=o oo - oo o™ e *
L ° - . - e= *
[ eee oo oo oo «
K Tl oo ee o= e L
L . ) oo e see e~ . *
« e e ecsoce e~e *
* . e—"ceeevvseses ™o . *
* ° e T = — o Y *®
L4 eovcce L4
L . . *
L . -~ €
&« *
« &
L ®
L ®
[} *
* *
& *
. .
* &
& x«
* *
* .
. *

-

A-42

R,

T W A RN Lt b




*
&
*
&
*

SEEECE S ¢S

TRRADIAN

SREY-SCALE CHARACTERS AND RANGES

(I T P XX X NN

FTHIS IS STEP

SUML = 0,4736281F+00

JEAM WA IST IN X

0.341598€6-04
Oe146743F ¢+ 01
0.293483€+ 01
0.440223F4+01
0eS586963F+01
04733703F+01
0.880443FE+01
06102718F¢+(02
0.117392E¢+02
04132066E¢02

7

SUMR

AND Y DIRECTIONS IS

SEFSELE S X E ERRE SRS L EEB SRR AR R KRR KK ESE R E SN

0.146743€E+¢01
0.293483€E+01
0.440223E¢+ 01
0+.586963F+01
04733703E4+01)
0.880443FE+01
0.102718E+02
0e117392E¢02
Oel 32066E+02
0e 146740E+02

0.5263718E+00

CEESEEEEEERSE

17.75745 17. 75934



IRRADI AN —

CEEEP PSRV SR ERE R ESEL CELEPE A EB R XA S L EE A SR E DRSS R KK S S S E SRR K E R KX K KX

'EEEREE R A RS AR AR BEEEEREEAEE ARSI AR REEREREEESERALSARNESEEZXNRZJEZRHENXJEIRRWR RN

® 0000

LK K 2K B K N NI J

LA IR B N IR K NI 2
*e 00O OOPO®ROGESOSS
L X 4 09000

o0 coe~=+té—¢+

esees—t-=——gge~=—t=go 00

sessos~t~=y

sose—t—~— .

® 000 =™ L]
cescecst-0o o
*o ce— b~ e~ e
cesoe=—t, e WBKN,
ssee=—0o o -aes -
oo se—te o NBN,
R Y Rad e—e
eoscot—0 o

e o0 "= L]

PR Rk i .

TR X Rl Ak

0vss o=t mcgooe——=F—qge oo
0 ce ottt =dtt——0 00

*® eeGGeTTTT=
®seveevsoees
[ A RN ENNENWREN]
o0 v oo
seoeee

A-44

L

evee

L X N X B )

LI N N N K N )
eeoece oo
$-~o0ees oo

e==t=g000e
—-.

. ————
o oe~taeoee
-4+~ s0e
e¥~ese

- [ ndadil W W 1
.‘—...

- -

o oe—%oo

A RS EEEENFEERENFEEFESWERENFEEREEENEERERREFWEERXXER XN IEEN FWEE W E N EPE X

PRI NS o et e pregmy




TRRADIAN

GREV-SCALE CHARACTERS AND RANGES

[ LT J R X NN

THIS IS STEP

SUML = 0.4800833E+00

JEAM WAIST IN X AND Y DIRECTYIONS IS

0+4349578€E-03
0.996981E+ 00
0«1993K1E+01
0299024F + 01
0.398688F+ Ct
0.498351E+01
0.598014F + 01
06976 77E+01
0¢797340F+ 01
0.897003F+01

8

SUMK

0996981 E¢00
0e199361F+01
0.299024E+01
0+398687E+01
0.498351E+01
0.598014F+01
0e6I7TE77EHO L
0¢797340E¢01
0.897003E+01
0.99666TE+0 1

051991 67E4+00

A-45

18.20370

A D L L T T e

18.,20607

*
*
*
*
®

MICRONS



. — . e

IRRADIAN

CEEPEESSESESE RSB AP RS R AP E SRS KA E R XN RS A XSS SR C S SE S E B EE SRS R RS

do00 000800

. L 3
. *
'Y *
. *®
. *
. ‘
" &
'Y &
.« *®
. ‘
¢ %*
.
. 3
. *
. 3
P L 3
' ‘
® ®®o00000e0e *
® 00 es00 0 sc0ves s *
L] eceses XEEEX] «
1 ] e o ee se—" "o e LX X I3 *
. cese o—ttEBEkSEtb—0a ceve *
. cece —tERKNUNRNANSKES~ Lo0ns *
[ ] coe ~F+ENNKEEKKXKKFAN®KE~ 400 *
* coee —~tEARRIEEAEANRREEE— oo *
. woe —tENKKEL bt —+4uFANE &~ o 00 *
[ s actCWH RN+~ ¢ HFRNCE+—-+RRNEP a0 %
* se —SARNG-2DBBOOBBE-+H¥ANE- o, *
4 cee HENRE—POKE+*KDAE—-SKS &+ L., &
[ J e oo UK FIABN e coa s NRBEIN KNt 000 *
* ee oSN KELEBK goeccecRBXEERNE, ,, *
« oe ~ENEKE—BRE o BN e o kPA-CEXNE~- L, *
s ee —RERFENB o o DOR oo +BARIERAE~- L, *
* e —SHKE—FBE o DN tBA~ER NS~ L, *
[ ee o *ARELIPR oo REKIEXNE, ,, «
. 0es s tNRN -+ BPIN e eoe s BB+ -V XN, 000 *
. cee FPEAKI-SFGRRKE+EKQUE-SKE*e ,., *
* es —EFRN+-sDBOOOBB* ~+HXKN*~ L, »
¢ oo st XNAKN 4~ tXUKNEEt—+IRNKSoa 0o *
® eve —FENRFEGCE—¢=¢+EHARNEEI— 4L 40 *
. see —tENKRNFEXEEAKKNTI- L. *
* eoe —F+ERNRRARRRRRAINESG—- ooe *
. ecoe —FtXENSRUANNANNEL~ G o000 &
[ eeee o~ ttEFERER+~g Qo0 *
L 4 TR es—~"s s escee &
L evcese ecseane *
. *«
® *
. *
. *
[ ] ‘
. *
® *
[} *
. *
. *
. *
. ]

»




nan P g s i

* *
[ *
L —_— *
L *
CERE RS PR E S F SRR E R E SEEREBRERE SRS E S CS R E R ERC RGBS ES L KkEEEREEKERESE
IRRAD L AN
JREV-SCALE CHARACTERS AND RANGES
0213262E-03 0.358114E¢00

. 0+.358113E+00 O0«716014€£2CO

- O0+7160148F+ 00 0«107391E+0Q1

* O0.107391E+01 0.143181€+01

* O.143181E+01 0.178971E+01

s 0.178971FE+ C1 0«21 4761F ¢+01)

X 0214761E+01 0.2505%51E+01

[ ] 0+250551E+ 0L 0.286341FE¢01

[ ) 0286341LE+01 0.322131€E+01

» 0«322132E¢+ 01 04357922E+¢ 01
THIS IS STEP 9
SUML = 0.4812048€¢00 SUMR = 0e5187951E+00
3EAN WAIST IN X AND Y DIRECTIONS IS 18.54669 18.34312 M1 CRONS

A-417

——— TP T A S AT g " =




IRRAD I AN

I IS 2 RIS 2 Rl 222 R 22 E R X T T T R P R R R R S R YRR R Y RIS R R 2

pvreammy

® 80000 00s
.."“".f—..
seot ¥+ E I+t rkRE,,
Rt 2 X R DL Sl 2 % T
skt~ e K~
o= KPPt EE R =t~
R ~— R N ERORK Ik +——— 4+ &,
etk —+ ¥R HASBWADX ¥E———8+,
o Xt=-+ARODBEBUBBVENRYE -~ 8,
R ST YT TXERNT [ 1T E ERy Ea

A ¥ 1T 'L cFUBBA*——te,
R Rl 2 ¥ 1 ¥ Y e ABURt~—0E,
3 St~ RBEFr -—N#- +tOBAS-—x,
A==t WBB- HUN -00QE———3,
X +——ERJBt -—NH- IF+BERE--9o%,
ckbt——¢KJUN, N BUKS~-—¢%,
et b=t A BBBE, cEBPEN =t , ;

e ket KPODN ¢t~ QOB K- —— k- g
23 +=— t 4 ANBRBUBBBOBRN +- -+,
ot~ <~ tARLOBUBHYGRN ¢+~~~ 8¢,

CE b KRNI RR NS~ + &,
e=btm——e btk b ————t k=~
T X LT CRNI IR Y T
P Y T TSSO ' "V
et R ¢ bbbt ekt ,,
PAPRER X 2 1 3 3 X X iPr

L B K I W N NN

*
*
«
&
®
'3
®
&«
*
*x
«
E 3
E 3
*
«
*
*
L 3
«
x
*
«
*x
*®
[
x
*
*
&
*
&
E 3
*
E 3
*
*
&
*
&
«

‘&
1 3
-3
-
«
*
L 3
«
| 3
*®
*
3
[ 3
E 3
®
|
*®
*®
*®
.

R R A A R R ENEELNEN R FINERE N NEE R EEERJEJNRFEFRNNEREREERENSENENZESEZRENRNINEZJEIRRZENRIRNSEN}




L
*
*
*

CRESEEE P8 . SEEEERESE RN RS RERCEEEREEESERCEEE SEE S SR EES (I X222 22 2422/

LA X X B 4

{RAAD LAN
SREY-SCALE CHARACTERS AND RANGES

0+.753595E~-04
0«379830E+00
D0e759584E+00
Oe113934E¢01
0151309F 401
0.189885F¢01
02278606 ¢ 01
0.265836E+¢01
0.303811F+01

0¢379R30E+00
0e 7S59584€£¢00
0.113934E+01
0.151999F+01
0.189885F+01
0.227860E401
0.265836E+01
0.303811€E+01
06341786F¢ 01
0e379762E¢01

(11 T R RRE)

0341787F+01

i THIS IS SVEP 10

SUM_. = 0.4789906E+00 SUM = 0.5210093E+00

3EAM WAIST IN X AND Y DIRECTIOQNS (S 1863527 1d.03782 MICRONS

P N SR VTS e




e I X XX F 2T EZYE R Z N Y RN R AR A A A R AR R A SR A E AR A A NS LRSS X B

IRRAD IAN

CESSCER S S CEES AR RELR G ESE S SRS S NE KRR LS SESHEEE S BE RS S SR EC S ESEESE T SE S &

e T o0 e 00 00T "0

L] LA N X W ] L L J LI I ¥ ]

e"000sOIET""""@essoeeo
—~eeo0e— ¢4+ tEE b4t —go000—
——e0 o~ PtAhCEYEEEPb—g o o—=
e~ et +E 4 RBBBDIKN XG44 s 0e—0
— e 0o o~ +ENBNBODUBEGRNESt~ 4 o000~
00 oo~ tENABBREL++ X RBBFEE—g 40—
~o o 0ot t BBV I¢—¢—++XBBN+ 40400
—-e® ...’.‘.“’f“."’*‘..‘*... St
—oe —¢+tEBBE L~ g o—eo—+t5BEBKE— o o~
0o~ +EBB* -~ B88.—— +PP¢+— (o o
~ee —ENRBEI—BRE -~ ++TFON ¥~ o o
AR I ALY | [ PR i d | LR St Ly
—oe ~FEBERr~go~os - tEBBEE= , o~
PP YEYEA S I EX L T R R { 1 1 3 JNPRRape

e =0 0o~ tENPPKAE L +ERBPNEL—~g 00
~e eee~+tENDOREGEBRBENCS- oo
0= 00 o FHEYRDUBIIRNEL #, o= 0~
——ge e~ tPEREANERESL 4~ 4 o~—~—

~ o000t tEtEt P tt—go0 00—
e e® 0P e T"T"T" 00000 0" e
e " 00800 o o ees 0T "0
TTee®@eesseeses O™
P " "e00000 000" "9

-O*QQ”QQ**Q*'Q}Q*QQ'Q***QgﬁQ.**Q’ﬁ*&in*ii*Qﬂaﬁiiiiﬂliiiili*

A-50




—

-
*®
&«
*
CECESE S0 Qv SR ROS LSRR LGS X SRR C SR EEEEEE RS SE S SR EEEEEEL L ESESECERTNES

™
&«
.
[ ]
®

IRRAD [ AN
SREV-SCALE CHARACTERS AND RANGES

0.103213E-C3 0.410842E+00
. 0.410842F¢00 0.B21581E+00 o
- 0.821582E¢ G0 04123232€E+01
. 0.123232F+01 0.168306F+01
. 0.164306E+01 0.205380E+01
’ 0.205380F ¢ 04 0.246458E+01 ‘
X 0.246454E+01 0.2R7528F+01 !
® 0.287528E ¢+ 01 0.328602E+01 1
® 0.328602E+01 0.369676E+01
. 0.3696 76E + 01 0.410749F ¢01

THIS IS STEP 11
SUML = O0.4T77S5044E+00 SUMI = 0.5224955E¢+00 J

JEAM WALST EIN X AND Y DIRECTIONS IS 18.77403 1877573 MICRONS ;




4

|

t -

‘ .

{ (RRAD AN ~

‘ EEEEOSRABESEEESPEPEEE AL SECR S SN S SS RS RN ERBEE SS S S XSRS UE SRS RE TR ESSE .

]
*
*
«
*
*
[ ]
«
*
[ ]
]
«
&
*
«
|
*«
«
«
[
&
*
[
*
®
«
L
*
*
*
[ ]
s
*®
3
*
&
®
«
*
«
[ ]
'
*
L
&
[ ]
*
*®
'
.
*®
[ ]
®
]
[ ]
.
[ ]
[ ]
.

-

®scss
o= =ttt b~~~y
——ttt Ottt Ottt ——
LR A X BT TR Tt A X
4=~ N RKRNE—— &+~
— et NBNEFI BN+~
o=t ¢t#¥-, PRt X R LR T iPN
~tb-WW, sg=m——0 JWN-=%t¢-
— =P~ o~t—t—e —DE- ¢~
PR TY Y PR Y T Y K ey ¥ R L
et t—RE& - ¢+HFBUBN+- ER~¢ 4,
edt e RS ~—-BD BD-- +tEE s+,
bt KE -4 HBARI*- *K-0¢ &,
NI T ¥ PNy ] ] XL ¥ LR R Y
— b= bP- ==ty —B&—p~
~t =My e———¢ o NE~¢o~-
e~ t=WN—-, Sad ¥ Aok XY
—~t ¢t~ tERNE e VBH 40~
— b= HRARRNE = -
XXX SRR LR R X
LR X2 R XX R R R B T
e=~=Stttb——,
c0co e

M P?"Q1!"*{!*’ﬁi}’ﬂ"il"”th”.ﬂﬂl'i”4’*"!4}”}14!’{QQC}*QQQ{PQ’.!




x
[ ]
[ ]
[ ]
| J

IRRADIAN
! GREY=-SCALE CHARACTERS AND RANGES

0.37378SE-04
0.5941 57F ¢ 00

0.475299€¢ 01
0534711E+01

L ]

- 0.118828€+01

. 0. 1782 39F + 01
‘ . 0.237651F+ 01

M 0.297063F+01
| n 0.3564 7S5E+ 01

e 0.415887F+01

®

™

THLS IS STEP 12

SUML = 0.4750217€+00 SUMR =

JEAM WAISY IN X AND ¥y DIRECTIONS

it B v e R s o e R

SR ESEEEY B EERELREEER RS S E SRS K ST XS R R R AR S E SR S R SECE S 6.

0«5941S7€E+400
0.118828E+01
01782 39E¢01
0+2376S1E+01
0.297063E¢ 01
03564 7SE+01
0.415887€+01
04875299E+01
0534711E+01
0.594123E+01

0.5249783E+00

1s 18.92630

sEEESE LRSS EE

18.92923



wy T T B

[ IRRADIAN"

! CE00ECE OGS EP IR NRECR S S SR SR ESE RS S C K SR E X KA E R ARE S KGR O EEE S E K EE R KKK ”
|

®
[ ]
.
]
&«
*
«
.
.«
&
«
®
[ ]
L ]
.
.
]
[ ]
]
&
[ ]
&
«
«
[
[ ]
|
|
[
«
[
&
[ ]
*
«
&
*
| ]
&
-
«
«
*
L
®«
[ ]
[ ]
.
[}
L ]
®
L
[ ]
LJ
[ ]
(]
[ ]
L
*
[

Seevecoce
IR R X NE NN NN RS
LR X NN Radhahabedbadl 33N N J

- - —
* L ] LE B N ]

feeTTT oo maSSSE=0e
sSeeT T " T g0 e e T """ oo
P09 ""e00e 9GO IT""oee
200" ""ee S90S e S OTTTgee
00 o "¢ o=+ttt —9 ==~ see
ee="—00e—NFBBB U~ oo~ —" 00
eo="—00 s *DREtED ¢, qgo—~—0eo
se~==0¢ o#8¢ +Bts o-——oe
eo="=eo o tBKEtKD*ose—""0o0
ee=""00o o —NFBBBNK ~¢oos~~~00
000 "0 o=ttt —9 oem—=g 0
Pee"""ee GeOGsEe B8P T""eee
0 OET T 000 e 0GP " Tgoee
XX Badadadadad W R R ¥ Sabnsastend 3R J
YK Rndukededadeshehaieahadated ¥ N
sPe Qe TTTTTET 000
FX X KK Bubalabaladt ¥ N X N
IR NN NN RN N NN N Y]
esecvece e

#”Qb”*Q’ﬁ*i’lQQ*QQQQQ#QQ’f**'i{fiiﬂiﬁfﬁiiﬂ’l{"‘***ii"’*'




- N s A R .} B2 a . - e . Y e e e - YK o eeee

e e -

[ A B X X

*
*
*®
*®
SOSEECE RS E S SRR COR S EO S S C LRSS S SR SR ST S CRECESS EES S REFE XX ER KK A
! IRRAD I AN

SREV-SCALE CHARACTERS AND RANGES

0.126287E-Ca 0.898516E¢00

. 0.898516E¢00 0«179702E+01

i - 0.1 797 02F ¢+ 01 0+2069552E¢+01

¥ . 0.269552€401 0.359403E¢+01
A » 03594 03F+01 0.449253E+01

f . 04492535+ 01 0¢539103E+01

= 0.539103F+01 0.6289S4FE+01

1 ® 0.528954E + Ci 0.718804E4¢01

: s 0.718804F+01 0.808€654E+01

» 0.808654F ¢ Ol 0. 89850SE+01

| THIS IS STEP 13
3UML = 0.4702227E+00 SUM = 0.5297772E¢00

JEAM WA IST IN X AND Y DIRECTIONS IS 18.73090 1373331 M1 CRONS

A-55




Ve )

{RRADIAN
SESE S SEREOEPRESEU P OUD FESERER LRSS PP SRS ESRE S E S S S EEE SR SRR K& R

PO g T TTTT =g 0000
Sees-"""goee=—""—gee e
see""gq9 LIE Dashadl IR

LI X Bttt 3 e e v e
CN Tl PR XX 2 X P *e"" e e
eoe~o et b—==% 4, e~ e oo
ee=—0¢ ott=t&kb—P+, o=~ge
oo~ te—-ERRRE—¢ 4+ ——ce
se—e ¢t~ ¢ RBELR G-+ e~es
L Rl *-%RPOG R -+ L Y
ee=eo t-+ROBI R+~ ¢ e ~oe
EX Rk ¢r-SRKKE~¢ 4 —-—~ee
00"~ 0 b t=48t—$4y o=~ goe
eee "o et bmmmt b, e "o ee
ee="e PEZ S X X 3N e~ oo
®oees "o [ Janiendl B 3 ]
L LN il W 3 [ X Badad ¥ W 1

PO ST T T "ge e """ s00

®0se T TTTT""00000

®Seo0evcoccvon

LR B B IR N NE R KBS Iy I A P EEE R EE EEE R R R W X I IR W RO N I R ay O Y

LA A AR X AEEEANREXE AR EE N ERN ERENNRENN RN EWNESEIEEIIE I I I IR R,

A-56




[N

' [ ]
i . *®
[ ] - *®
. «
COSECUS R ES L RN S EEER SECU B EERE SR EEC S S K LXK AR RO S S EACEEE K Er . RE ESE X SR EEE &S
3 1RRAD IAN
3 i _ SRAEY~-SCALE CHARACTERS AND RANGES
0.703742E-Ca 0.848021E400
. 0848021F+00 0e169597F+01
- 0.169597E+01 0.254392E+01
'Y 0.254392F+ 01 0.339187€+01
* 0.339187F+01 0.423982F+0 1
i ¢ 0<4239R82E+01 05087 7BE+01
= 0.5087 79E ¢ 01 0.593573E¢ 01
‘ » 0.593573E+01 0e678368BE+01
i ] 0.67836RE+01 0. 763163E+01
® 0.763163E+01 0.8879SBE+O0 1
!
THIS IS STEP 14
i
! SUML = 0.4651438E+00 SUMR = (0.5348561E+00
JEAM WAISTY IN X AND Y DIRECTIONS IS 18.,77950 18.78253 MICRONS
i
|
1
{ A=57




ey
IIRAD IAN

CENCELRE LR E SR NP RN RS SEE LR RS EAB RS S L RE RS K QUG S S EE XSRS S S SR RSSEEEE

eece ese

oe oo
- e
. * e .

o oe oo .
®e - L] L X ]
. . L R . ]
° - 2060000 cce . .

. ° see"""gsse L -
. se e =~REE=—g,, .
. . ee—SENSEE—~4 . .
. co—FNRNR—q o .
L] L] ..-‘."‘-00 L 4 .
- eee—%8k=~gq, .
L] ] e e """ geose . ]
L - LR R N N N e *
o . eovee . .
e L J L ] L
. oo .o .
. ¢ o .
. .
oo oo
cos ese

I AE XL AR I RERENSESEERERERRRER R NF R RER R RN R R RR AN R R R N NY RE TR N R FER)
A S S EEEREEEFREEEFERERERERNERERENERNFEXERENENEENERERNERJEREERNERSENENESEE®;

A-58




2 B B X ]

IRRADI AN

(1 1T E R XX NN

0,4690364E+00

SREY-SCALE CHARACTERS AND RANGES

0.244114E-03
0.155652F ¢ 01
0.311279E+01
0«466906F¢+01
0.622534F ¢+ 01
0.778161E4+01
0933788F + 01
0.108942F4C2
0.124504E+ 02
0.140067E+02

TuEsS IS STEP 1S

SEAM WAIST IN X AND Y DIRECTIONS IS

SUMR

S CE SRS RES PSS S SR L R KK S E PSS S S U EEXREERE S SIS SRS &, Qe E b ERESES

0«1556%2E+01
0e311279E+ 01
0.8669206E¢01
066 22533E¢01
0.778161E+0Q1
0.933788+01
Qs 108942E¢02
0.124504E+02
0.140067E+02
0+.155630E+#02

05309635E4+00

A-59

18.,87s81 1de 38269



AD=-A093 182 EMTEC ENGINEERING INC LOS ANGELES CA F/6 20/6

THEORETICAL ANALYSIS OF MULTIMODE FIBER STRUCTURES. (U
oCT 80 C YEM Fl 9628-80-(3-0055
NL

UNCLASSIFIED EM-F=02 RADC-TR-50-332

2‘, 2 END
! -8l
one




g s
T
Full "

22 B ne

_—
il=

MICROCOPY RESOLUTION TEST CHART



-/

{RRADI AN

GOS0 S0 SR ES SRR SPELE RS SECESE SRS EE S SRS XL CRSU R ERE NG EEERECSEERES R RS &S

sccse
e =""""se0e
[ Ralinthadadl X ¥ hit it X
L X Batadl N L X Sadadl ¥
oes™e [ Badt R J
e~ e RN NN e~ eoe
e"e LW Sodabadl W WY P
P hahad co——ttb~—0a ——a
= ee~tsUKpE G~ 4, e=—e
o=e =t NOORBRN -, e=~e
o~ XAl [T 1111 EE -
o~ e = ¢t FOORINBON -, o~e
*=e o ~+t K00GRGNEK+~, =
oo e=tNBAKLKBON ¢+~ , o~e
.~ ee~*R800EA0R%~,, -
°=e o=+ N EABBON~, )
e~ e eo—¢ENRNS ¢~ 4 ¢ e—e
P ee ==ttt —=q ¢ bk J
e e See" """ 000 e o
L X Bl ] I XN X X J [ Dadil N}
LN B ) Ak X ]
LI Dbt W L X Jndadt X
LN Denbadadedl X W Eadest it X
00 e """""oas e
sceee

XY ZEZXEXZXZIXEFEFSXZZXXXZZEE X IR R R R AR R AR N R R AR A B A S 4 A AL AR RN DR LS RS R AA ]
"”’l%i”"”ﬂ%tl**”Q’lﬂ!**”.IWP’****’IN}’.**’IWPI”*’.CHDQQQQ”

~

A-60




o~

reeew

IRIAD IAN

GREVY-SCALE CHARACTERS AND RANG:ES

0+24690%€E-03
06976 66E+00
0.139508€E¢01
042092 50F ¢ 01
0.278992E+01
00348734F+ 01
04184 76F+ 01
0.488218E+01
0557960F+01
0.627702€ ¢ 01

(I 1 ' XX 2 K]

S80S0 SO ¢SS PSR L E UL S S ESECECE SRS ELE CE RS U RB SR EEE S, ¢SS5 S ESERSEES

0.697666E+00
0139509€¢+01
042092S0E+01
0 278992€E+ 01
0e348734FE+ 01
04184 76E401)
0.4438218E+01
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0.6927444F+01

! rHIS IS STEP 16
¥ | SUML = 0.4632549F+00 SUMR = 0.53674S0E+00

JEAM WAIST IN X AND Y DIRECTIUNS IS 19.10663 1710956 MICRONS
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0.911394E~-03 0«131676E+01
Py 041316 T6E+ 01 04263261E¢01 —
- 0+.263261F¢+ 0L 04394R45E+01
. 039484 5E+01 0526430E¢01
* 05264 30E+01 0.658015FE+01
[ 4 0.658015FK+01 07896 00E+01
« 0.789600€+01 0.921185€E¢01
o 049211 8S5E+C} 01052776+ 02
o 0105277+ 02 0.118435€E¢02
o Oe118435E¢02 0«131594E£¢02

THIS IS STEP 17
SUML = 0.,4618073E+00 SUMR = 0.5381926E+00

BEAM WA IST IN X AND ¥ DIRECTIONS IS 19.16985 19.17290 MICRONS
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0.192583E~-04
0. 159542E¢ 01
0e319081F+ 01
0.478621F¢01
0.638161€E+01
0.797700E+01
0.957240€E+01
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THIS IS STEP 18

SUML = 0,4730968€E+00

FEAM wAIST N X AND Y DIRECTIONS IS
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0.159540F¢ 02
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